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Pickup 
Truck 



As the first HUMMER pickup, the 2009 H3T is capability and versatility in a supremely 
attractive package. And it hasn't gone unnoticed. Four Wheeler Magazine just named 

it the 2009 Pickup Truck of the Year. Its 5-foot bed with 33.5 cubic feet of cargo space, 
best-in-class approach and departure angles, and ability to tow up to 5,900 lbs. with an 

optional V8 make H3T ready for anything. 



ler to experience the H3T. The most capable off-road pickup on the planet 



N 42.08 W -113.70 



with ademiarket accessories from an independent supplier ate not covered by the GM New 
Vehicle Limited Warranty, GM is not responsible for such alterations. @ General Motors Corporation, -2009. 
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Apollo 11 com- 
mander Neil 
Armstrong wore 
this space- 
suit when he 
became the first 
person to walk 
on the moon, 
July 20, 1969. 
Photographed 
by Christopher 
Griffith exclu- 
sively for PM at 
the Smithsonian 
Institute on 
March 12, 2009. 
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The Untold Story of Apollo 11 To mark the 40th anniversary of 
the first moon landing, PM interviews flight controllers, engineers, 
scientists, astronauts and dozens of others who describe their roles, 
from liftoff to splashdown, in humankind's most audacious adven- 
ture. Bonus pullout map: The 17 critical events in the nearly flawless 
mission— and what could have happened if something had gone wrong. 



84 Straight Outta 
Aspen Who needs pave- 
ment for a great road trip? 
On this Colorado cruise in a 
restored Icon Toyota FJ40, 
we get dirt on our tires every 
day and a windshield full of 
scenery, by ezra dyer 

94 The Liquid-Cooled 
Quad-Core 3-GHz 
200-lb 1-kW Desk Two 

PM staffers find their inner 
Frankensteins and bring to 
life a monster computer. The 
glowing, bubbling, power- 
hungry creature proves to 
be awesome and unpredict- 
able. BY GLENN DERENE 

98 American Muscle 

Rumbling V8s, rear-drive 
power, raw speed— PM puts 
the comeback Camaro and 
four other muscle cars to 

the test. BY LARRY WEBSTER 





ON THE COVER 

Armstrong's A7L helmet on the Apollo 11 mission, 

photographed by Christopher Griffith exclusively for PM. 
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50% Discount 100% 




As the world's largest web hosting provider, 1&1 offers website plans for every skill level and budget. As a 1&1 customer, 
you are not only assured that your website is up and secure, but you'll also get the tools that you need to maintain an 
innovative web presence. 



Powerful hardware designed for 
high performance needs. 





1&1 BUSINESS 
SERVER II 

S19i99Mi6nthLj| 

$gg.99 

m^r m^r per MONTH 

(hut 6 month* » ■( 



'Offers valid lor a limited lime only into Special olfet valid as of May 4, 2009: Private domain registration not available with .us domains Server puces based on limn servers Setup lee, minimum contract term, and other 
leims and iiondillotis may apply. Visit wvw.landl.com foi lull promotional oiler details Piogiam and pricing specifications, availability and price* subreci to change without notice 1S1 and the IS1 logo aie tiaoemarks 
of 151 Inlernet AG, all other trademarks arc the property of then respective owners © 70Q9 l&l Internet, Inc All rights reserved 



united 

internet! 



1-877-GO-1AND1 



Website Value! 



Everything you need for a successful small business website 



Domain Names Included: 

The name of your website is important for your business. 1&1 will secure the name of your website (domain name) for you. If the 
name you want has already been registered, you may still have a chance to obtain it through the 1&1 domain marketplace. Unlike 
other companies, 1&1 includes private registration for FREE to protect your personal contact details from public display. 



Site-building Tools: 

All 1&1 packages come with free, easy-to-use website building tools. You don't have to be a computer expert to create a 
professional-looking site. 

Professional E-mail: 

Get an e-mail address that shows you mean business. 
your-name@name-of-your-business.com 

Marketing Tools: 

Newsletter tool, web statistics tool, search advertising 
vouchers for credit with Microsoft"" adCenter, Google 
AdWords"" 1 , Cityseaich"", and morel 

24/7 Customer Support 

FREE technical support by e-mail or phone 24 hours a day. 



Limited Time Offer: Get 50% off and more for the first 
6 months when you sign up for a 1 year plan! Visit 
www.1and1.com for details! 



E-COMMERCE SOLUTIONS 



Set up your online store and 
start selling! 



1&1 STARTER 
eShop 

$9;59/irr6nth 

$A.99 

PER MONTH* 

ltir>t 6 month*) 




***%? 



Now accepting 

PayPal 




www.1and1.com 
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13 Segway Target 
Practice Deploying inventor 
Dean Kamen's two-wheeled 
wonder to improve military 
marksmanship. Plus: 
Powerful microwaves protect 
U.S. Air Force planes; 
engineering a championship 
Tour de France bike. 



23 Ultimate Multitool 

The Kobalt SpeedFit 
System transforms into 
almost any hand tool. 
Plus: Your guide to the 
grilling season's best 
tricks and tools; an ax that 
folds shut like a pocketknife. 



31 Heavy-Duty Hybrid 

The Chevy Silverado Hybrid is 
a fuel-sipping workhorse. 
Plus: First look at the 2011 
Mercedes-Benz SLS AMG; 
Italian cars from the 
proposed Chrysler-Fiat 
merger; the 2010 Jaguar 
XFR has tons of torque. 



COLUMNS 



38 A Bolder NASA 

Forty years after the first 
moon landing, former 
astronaut Tom Jones advises 
President Obama on key 
moves to sustain America's 
leadership in space 
exploration. 

43 Beyond the 
Buzzwords 

The stimulus act earmarks 
billions for infrastructure 
projects, from power grids 
to water systems. PM 
tells Congress where the 
dough should go. 





104 The Dirty War Enlist 
PM's spring-cleaning guide in 
the battle of ihe grunge. 

108 Classics: Window 

Dressing Brighten your 
home with easy-lo-build 
tlower boxes. 

112 Homeowners 

Clinic How to slash trimming 
lime by installing a concrete 
curb around your lawn. Plus: 
Replacing rusty gutter 
hardware; buy the right water 
healer and earn lax credits! 



115 Saturday Mechanic 

How to silence those squeaky 
disc brakes. 

120 Car Clinic 
Safely-wiring critical fasteners 
to prevent spontaneous 
vehicular disassembly. Plus: 
The mechanical conse- 
quences of a catastrophic 
cooling-system failure. 
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125 Digital Clinic 
How lo send and receive lexl 
messages for free. Plus: 
Making your PC booi faster; 
usingyour Kindle e-book 
reader while traveling abroad. 
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EDITORIAL 
BOARD OF 
ADVISERS 

POPULAR MECHANICS IS 

grateful to these scientists. 
innovators and leaders, who 
help ensure we cover the 
most important stories in 
the most authoritative way 

BUZZ ALDRIN 

Apollo 1 1 astronaut; 
colonel, U.S. Air Force (Ret.) 

SHAWN CARLSON 

Executive director of 
the Society for 
Amateur Scientists; 
MacArthur Fellow 
DAVID E. COLE 

Chairman, Center for 
Automotive Research 

SAUL GRIFFITH 

President and chief 
scientist, Makani Power; 
MacArthur Fellow 

THOMAS D. JONES 

Space shuttle astronaut; 
author of Sky Walking 

DR. KEN KAMLER 

Surgeon; author of 
Surviving the Extremes 

OAVIN A. SCHMIDT 

Climate modeler, 
NASA Goddard Institute 
for Space Studies 

AMY B. SMITH 

MIT senior lecturer, 
MacArthur Fellow 

DANIEL H. WILSON 

Roboticist; author of Moo' 
Scientist Hall of fame 

WHAT 

THEY'RE 

DOING 




WM- A. WULF 

President emeritus, 
National Academy of 
Engineering 

Recently named chair of the 
Anita Borg Institute for 
Women and Technology, 
computer scientist William 
Wulf doesn't just lead 
by example, but also by 
instruction. His latest 
University of Virginia course 
teaches students to effec- 
tively analyze and discuss 
public policy issues such as 
climate change and risk 
analysis. He's currently at 
work on a new book, 
Responsible Citizenship in o 
Technological Democracy. 
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NOT ALL FISHING BUDDIES 

HAVE FACIAL HAIR, 

Dn the water memories aren't made, they're caught. To 
discover all the ways boating and Fishing can enrich your life, 
visit takemefishinq.orq. _ ■»■. 

* TAKE ME FISHING' 

takemefishing.org 





Calm Under Pressure 

Thanks for the close-up 
glimpse of what it takes to 
be part of the Coast Guard 
helicopter rescue team 
('Masters of Rescue," April '09). 
In life-or-death situations, it 
is often not just the physical 
and technical skills that matter, 
but as the author points out, 
the ability to make quick 
decisions, communicate clearly 
and remain focused and calm 
under harrowing circum- 
stances. Coming from a town 
of sailors, I, for one, am 
grateful for the Coast Guard. 

GEORGIA DALY 

ANNAPOLIS, MD 

Driving on the Edge 

Thanks for the very interesting 
article, "Safety Through 
Danger?" Learning to drive on 
gravel and ice-covered roads 
taught me how to push the 



04/09 



Readers 

responded to 

Coast Guard 

rescue training, 

safe driving, space 

vehicles and 

router tips. 



limits and to recover control— 
or end up in the ditch. 
Sacramento, Calif., is reworking 
a few suburban intersections 
into circles— a lot of com- 
plaints, but I'm looking forward 
to the results. 

JOHN ROLLISON 
CARMICHAEL, CA 

Your article about safe driving 
in extraordinary conditions was 
interesting, but I don't think 
simulating danger is the best 
way to force people to drive 
more safely. Authorities should 
make the driving test manda- 
tory every three years and 
increase speed limits by 5 mph. 
This will weed out the worst 



drivers— and I will get to my 
destination faster. 

roinv MARRO 
PHILADELPHIA, PA 

Thanks for a much-needed 
article. Highways today remove 
any need for caution on the 
part of the driver. With the 
current push to repair 
infrastructure, I hope engineers 
take these ideas to heart. 

J WILLIAM HALTPENNY 

WESTMONT, IL 

America Plays Catch-Up 

Less than 12 years after the 
Russians launched Sputnik, 
American Neil Armstrong was 
the first man to set foot on the 
moon, on July 20, 1969. Now, 
40 years later, we have to rely 
on the technology of other 
countries ("The World's Space 
Fleet") to get into orbit. I 
wonder if this situation has 
anything to do with the U.S.'s 
dismal 26th-place ranking in 
world education. 

ROBERT BARTLETT 

OCALA, FL 

Home Networking 

Thanks for "Making the Most of 
Your Router." Browsing the 
Internet is no longer a painful 
test of patience— and the info 
about streaming Netflix movies 
through the Xbox 360 was a 
nice bonus. 

TIM BEOET 

BOSTON, MA 
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ADVANCED 

TECHNOLOGY 

FOR 

ADVANCED 

PROTECTION 



Shell Rotella T 
motor oil with 
Triple Protection '* 
technology 
provides advanced 
protection for your 
hard working 
diesel pick-up 
engine. Shell 
Rotella" T. 
It belongs in 
your truck*. 




visit 

www.rotella.com 
for more 
information. 



Car 
Buffs, 
Start Your 
Engines! 

Join Popular Mechanics' 
New Online Auto Community at 
popularmechanics.com/myWheels 




You're in the driver's seat 
on myWheels: 

y Share photos of your car 

> Submit your car tor the 
"Castrol EDGE Car of the Month!" 

> Swap stories, tips and more 
with other car buffs 

> Test your auto 1.0. with 
a "Mechanics Quiz" 

Register and be automatically 
entered to win a Magellan Maestro 
GPS system and a year's worth 
of Castrol EDGE motor oil. An 
estimated $550 value! 

^Castrol 
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AUTOMOTIVE SCIENCE 
TECHNOLOGY HOME 
HOW-TO CENTRAL VIDEO 
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Online Features 



THE RACE : <:; : 

SPACE 

DOMINANCE 



Iran launches a 
satellite, India 
gives the go-ahead 
for manned space 
missions, China 
scrambles to get 
to the moon, and 
NASA continues to 
work on Orion, 
lunar rovers and 
outposts on other 
planets. The 21st- 
century race for space dominance is underway, and 
Popular Mechanics is there to cover it all— satellite 
launches, manned missions, space debris and 
more.popularmechanics.com/futurespoce 
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For the latest, 

up-to-the-minute 

information on science 

and technology 

news— in 140 

characters or 

less— follow Popular 

Mechanics on Twitter 

@i PopMechMag. 

popularmechanics 

.com/twitter 



I.HIMM.l>Jtai 

Our home experts give 
daily bits of advice on 

home basics. Read 
tips for all the skills a 
man should know, like 

how to drive a nail 
(perfectly, every time) 
and the best uses for 
an oscillating sander. 
popularmechanics 
.com/tooltips 
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every day for new stories and 

magazine-feature extras. 



1&1 INTERNET- YOUR AFFORDABLE WEBSITE SOLUTION 

As the world's largest web host, 1&1 is dedicated to security, innovation and value when it comes to your website. From basic 
domain packages to feature-packed web hosting plans and powerful dedicated servers, 181 offers a complete range of website 
solutions for every need, every skill level and every budget. 



Visit www.1and1.com for more information 
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DURACELL 
DAYLITE 

THE NEW FLASHLIGHT 
POWERFUL ENOUGH TO 
TURN NIGHT INTO DAY. 

• 

You can get a heavier flashlight. 

You can get a bigger flashlight. 

But only Duracell can give you 

this kind of brightness. 

That's because The Duracell Daylite is 

the only flashlight with TrueBeam Optics... 

the revolutionary system that combines 

LED technology with precision focus lensing... 

for incredibly bright, white, even light with no 

black spots — all housed in a durable metal body. 

New Duracell Daylite. Turn night into Day. 

duracell.com/daylite 

TRUS±ED EVERYWHERE 
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UPGRADE TO NEW CASTROL EDGE. 

WITH 8X BETTER WEAR PROTECTION THAN MOBIL 1 5 W-30." 

There are synthetics. And then there's Castrol EDGE. With an advanced full-synthetic formula that's 
proven to safeguard against friction and engine failure. So do what's best for your car. 
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TechWatch 




Segway 
Target 




I Take a Bow 

When the target is 
hit, the dummy 
stops and falls 
backwards so the 
shooter knows he 
scored a hit. Later 
analysis shows 
where the round 
entered. 
Who's a Tough Guy? 
The mannequin is - 
made of a durable 
plastic that can 
withstand 
hundreds of 
high-caliber shots. 

* Go Ahead and Shoot 

The Segway is 
plated with high- 
strength steel and 
- tested against 
' 7.62-mm full-metal- 
jacket ammo. « 



OBOTS ARE 

...T ENOUGH T' 
ui BY MARKSM r - 
IN-TRAINING 



BYJOEPAPP 



, may not have revolutionized human transportation as its 
sters hoped, but Australian company Marathon Robotics has found a nov" 
for the two-wheeled vehicle: providing targets for military shooters by 
outfitting Segways with dummy torsos. The targets have onboard software 
that allows a group of them to head for cover. Each Segway is outfitted with 
GPS and a laser navigation tool, and its base is armored to withstand errant 
shots. "When the shooter fires, the first one to get hit sends a message over 
Ethernet to the others so they scatter," says Alexei Makarenko, director of the 
firm. The Australian military began using the system to train snipers in 2008; 
Marathon started marketing to the U.S. this year. 
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SECRETS OF A 
FOSSILIZED FISH 
BRAIN 

French and 
American 
scientists using 
a particle 
accelerator to 
examine a 
300-million-year- 
old fish skull 
were shocked to 
discover a 
fossilized brain 
inside, the 
oldest soft 
tissue of an 
animal brain ever 
discovered. 
Researchers 
were able to 
scan previously 
unseen nerve 
structures of the 
extinct fish. 




New Tubes for 
Next-Generation Subs 

A smarter way to bend metal is at the heart of Britain's new Astute 
class nuclear-powered attack submarines. Engineers developed an 
all-electric pipe-bender that can make parts from a single length of 
tubing. This allows complex pipe parts to be quickly manufactured to fit 
perfectly into the tight spaces available in subs and eliminates time- 
consuming and expensive X-ray and crack-detection tests required of 
welded joints. The first Astute sub will be delivered to the Royal Navy by 
8AE Systems sometime this year. 



NEWSBRIEFS C% 

Reports From the Edge of Science *5ir 

Compiled by Alex Hutchinson 



Bent Blades for Quiet Helos 

+ A Defense Department program aims 
to develop "on-the-fly morphing rotor 
technology" for helicopters that would 
reduce vibration by 90 percent, making 
them more quiet and increasing their 
payload and range. Each rotor blade cuts 
through the turbulent air left by the blade 
in front of it, which causes a vibration; the 
new system uses piezoelectric blades 
that can rapidly change shape when an 
electric field is applied. Wind-tunnel tests 
show that pulsing electricity into the 
morphing rotor blades helps cancel out 
the vibration, cutting noise in half. 



HOW TO MELT A 
DIAMOND 

Smashing 
projectiles 
into 1.9-carat 
targets, 
researchers at 
Sandia National 
Laboratories in 
New Mexico 
have determined 
the pressures at 
which diamond 
turns into 
liquid carbon. 
Scientists in 
California will 
use the results in 
2010 when they 
shoot diamonds 
with lasers to 
research nuclear 
fusion. 




FINDING 
EARTH'S LOST 
MOUNTAINS 

An interna- 
tional team of 
scientists has 
mapped the 
Gamburtsev 
province of the 
Antarctic, the 
location of the 
last unexplored 
mountain range 
on the planet 
The peaks and 
valleys are 
comparable to 
the European 
Alps, but their 
existence 
remained 
uncertain 
because they're 
buried under 
2.5 miles of ice. 
The team used 
seismic sensors 
on the ice and 
seaplanes 
equipped with 
radar to survey 
the mountains. 



Bone Machine 

+ A team at Massachusetts General 
Hospital succeeded in growing a human 
thumb bone using a 3D printer. The 
machine places layers of biodegradable 
scaffolding, which is injected with stem 
cells. The scaffold is implanted under the 
skin of a mouse for six weeks, during 
which time human bone cells grow to 
replace the scaffolding, creating a copy of 
the thumb bone. The next hurdle is to 
ensure that blood vessels will connect to 
the replacement when it is implanted. 



» on the web > Follow breaking science and 

technology news daily at popularmechanics.com. 
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STEALTH ON A BUDGET 



The venerable F-15 gets an overhaul for 21st-century combat- 
and foreien customers, by joe pappalardo 
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Science for Cyclists 

PROFESSIONAL BIKE RACE TEAMS TURN 
HIGH-TECH TO MOD THEIR RIDES Ff~ 
THE TOUR D 



< The design and materials 

Tour de France bicycles have m 
in common with airplanes than the Hu 
kid rides to the park. "We optimize eve „ 
single aspect of the bike," says Jim Felt, 
founder of Felt Bicycles, which outfits 
professional cyclists around the world. 
Rider David Zabriskie (right) works with 
Felt and his team, Garmin-Slipstream, to 
keep his 16-pound bike studded with 
innovations. "A lot of guys don't like 
changing," Zabriskie says. "But for me, 
getting the new stuff makes me believe 
I'm going to go a lot faster." It's hard to / 
argue with the results: Zabriskie holds, 
record for the quickest time trial inihe 
history of the Tour de France, ayefaging 
33.9 mph over 11.8 miles. Time trials are 
staggered throughout the/Tour. Riders 
who do well shave valuable seconds fror 
their current time" 




GEARS 

Gear manufactur- 
ers are incorpo- 
rating high-tech 
materials like 
carbon fiber and 
exotic alloys in 
their gearsets to 
make them 
lighter. Zabriskie's 
Shimano gears 
are titanium. 



HANDLEBARS 

Zabriskie's 
time-trial bike 
(above) doesn't 
yet have new 
electronic shifting, 
but his road bike 
soon will. A 
button-activated 
solenoid triggers 
the derailleur to 
shift gears. 
Multiple shifting 
buttons can be 
placed anywhere 
on the handlebars. 



FRAME 

New ways to 
layer carbon fiber 
give riders stiffer 
bikes, which 
allows more of 
the rider's energy 
to be transferred 
to the wheels. 
The team uses 
software to 
tweak frame 
designs before 
costly testing in a 
wind tunnel 
starts. 




TH E ' Insects are still way ahead of flying machines when it comes to 

PENTAGON'S relative range, speed, maneuverability and efficiency. That's why 

rvRHDr DARPA, the military's advanced research agency, has spent S12 

D*-'r<o million since 2006 to fund groups researching ways to control the 

BUGS flight of living bugs. Three of the groups have performed successful 

Living insects are experiments implanting minicircuits during the pupal stage of 

being hard-wired metamorphosis. When the insert emerges in adult form, the 

for future control chip is incorporated. This year a team led by the University 

search-and- of California-Berkeley used electrodes in a giant flower beetle's 

rescue missions. muscles and optical lobes to control its flight. The end goal: Stud 
the inserts with cameras and sensors. - ALEX HUTCHINSON 

The Jiant flower beetle (right) has a battery and microcontroller attached to its back with beeswax 
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Tools, products and expert advice for all your project needs. 
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START RIGHT. START HERE: 
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THE GREAT 
PARTICLE 
HUNT 
RESUMES 

Scientists restart 
the search for a 
fleeting bit of 
matter that could 
redefine our 
understanding of 
physics. 
by Alex Hutchinson 

+ The world's 
largest particle 
accelerator, the 
Large Hadron 
Collider, Is 
expected to restart 
in September, a 
year after an 
accident halted 
work. When experi- 
ments resume, so 
will the hunt for 
the Higgs boson, 
known as the "God 
particle." Within a 
17-mile tunnel, 
which runs along 
the French-Swiss 



border, protons 
smash together at 
nearly the speed of 
light, forming new 
particles, which 
themselves decay 
into a shower of 
other particles. 
With as many as 
600 million such 
collisions occurring 
each second, the 
search for prized 
rarities like the 
Higgs boson 
involves spotting 
the needle in an 
endlessly refilling 
ocean of hay. But 
the prize is worth 
the effort The 
Higgs is the only 
particle predicted 
by the Standard 
Model of physics 
that has yet to be 
observed. The 
theory states that 
many elementary 
particles are only 
granted mass 
when they move 
through something 
called the Higgs 
field. Detecting the 
Higgs boson would 
be evidence that 
this field exists; 
not finding it could 
mean humanity's 
understanding of 
the basic laws of 
physics is flawed. 



Particles emerging 

from the collisions 

within the LHC 

are tracked with 

this 6000-ton 

detector. 



PM INTERVIEW 

WEILL CORNELL MEDICAL CENTER 

DOCTOR, DEATH RESEARCHER 




► Sam Parnia 



HOW ARE THE HUMAN BRAIN AND MIND 
CONNECTED? TO FIND ANSWERS, A 
RESEARCHER IS CONDUCTING THE 
LARGEST-EVER MEDICAL STUDY INTO - 
NEAR-DEATH EXPERIENCES TO ANSWER 
A PHILOSOPHiCAL QUESTION: IS HUMAN 
CONSCIOUSNESS REALLY A PRODUCT OF 
OUR BRAINS? By Amber Angelle 



Near-infrared scanners con track brain 

function at the point of death. Blue 

areas are not getting enough oxygen. 



Q Your Awareness During Resuscitation study is gathering 
data on the experiences of heart attack patients between 
death and resuscitation. What are you trying to find out? 

A Studies have shown that 10 to 20 percent of patients who are 
resuscitated report some kind of cognitive process during 
cardiac arrest. [During cardiac arrest a victim loses blood 
pressure; with no oxygen reaching the brain, patients die 
within minutes.] The big question is how can you have thought 
processes— or, for that matter, an out-of-body experience- 
when your brain isn't working? 

Q How do you use brain scanners to gather clinical data on 
what might be going on in a dying person's mind? 

A Currently we monitor a patient's electroencephalograph 
(EEG), which measures the brain's electrical activity, but we 
have very little idea of how well we're managing to get blood 
into the brain. The In-Vivo Optical Spectroscopy system 
(above) tells us how much oxygen is in the blood that is 
getting into the brain during resuscitation. If we can show 
that patients who report cognitive processes had oxygen 
levels of less than 15 percent during resuscitation, we will 
have support for the idea that the mind and consciousness 
are actually working when the brain is shut down. When we're 
presented with extreme circumstances and the brain doesn't 
function like normal you suddenly see that, perhaps, the mind 
itself is very subtle, immeasurable on any scan. 

Q Do people say that you are investigating the paranormal? 

Alfa patient has an experience when they are dying I don't see 
why that is considered paranormal. The mind and the brain are 
interrelated. If I stick a pin in your hand, a brain scan will show 
blood-flow changes in areas of the brain as you feel pain and 
become upset. Also, when your mind is disordered it impacts 
the biochemical processes in your brain. But why should brain 
cells be able to generate a feeling of awareness? It's like 
saying the TV shows you watch are created by your TV set. 

Parnia is a fellow in pulmonary and critical care medicine at 
Weill Cornell Medical Center in New York. 
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What you do next is up to you. 
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Low ener 

These may not be just 

many of the 1 3.8 million men agea tj years or oiuer wnn o common meaicai conamon cane 
low testosterone (Low T). On the bright side, Low T is easily treatable. AndroGel restores your 
T levels to normal range and may improve your symptoms over lime. 



ing. They are a few of the symptoms experienced by 
ears or older with a common medical condition called 



AndroGel 

(testosterone gel) IX <3 



THE *I-PRESCRIBED 
THERAPY FOR LOW T 



TAKE CHARGE VISIT WWW.ANDROGEL.COM AND ASK YOUR DOCTOR FOR A SIMPLE LOW T BLOOD TEST. 



AndroGel is indicated for replacement therapy in adult 
males for conditions associated with a deficiency or absence of 
endogenous testosterone. 

SAFETY INFORMATION: 

AndroGel must not be used if you have known or suspected 
prostate cancer or breast cancer (a rare condition for men). 
AndroGel must not be used by women who are pregnant, may 
become pregnant, or breastfeeding, as testosterone may cause 
fetal harm. 

The major risks of AndroGel include prostate enlargement, 
prostate cancer, and transfer of testosterone to others (including 
women and children). Transference can occur when vigorous 
skin-to-skin contact is made with the application site and can be 
minimized by washing your hands after application and covering 
the application site with clothing. 

The most common adverse events reported are skin irritation 



where gel is applied, breast development or tenderness, acne, 
prostate enlargement, changes in lab test results, and changes in 
urinary habits. 

Remember, the information in this ad does not take the 
place of the advice you get from your doctor or other 
health care professional. Always talk with your doctor 
if you have questions about AndroGel. 

Please see brief summary of Patient Information on 
next page. 

You are encouraged to report side effects of prescription drugs to 
the FDA. Visit www.FDA.gov/medwatch or call 1-800-FDA-1088. 

AndroGol is a registerod trodomark of 

Uninwd Pharmoceullcolj, UC, o Solvoy «"*•«) >>» ^_ 

Pharmaceuticals, Inc. company Solvay fll^k p . 

twww.AndroGol.cem Pharmaceuticals ^^P ^y&t.v,\Mu 

© 2009 Solvoy Phormoceulicols. Inc All rightj roservod Printed in USA Moy 2009 
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Brief Summary of Patient Information (For full Prescribing Information and Patient Information, 
refer to package insert.) 

The following information obout AndroGel 85 should not take Hie place of your doctor's orders or 
recommendations. Your doctor will tell you exactly what dose to take, how to safely take it, ond when to 
rake it. Make sure you understand the benefits and risks of AndroGel* before you use it. If you have any 
othei questions obout AndroGel* 1 theropy, osk your doctor 01 pharmocist or visit www.ondrogel.com. 

AndroGel (testosterone gel) \% CHI is avoiloble packaged with 2 x 75 g pumps (each pump dispenses 
60 metered 1 .25 g doses) or in o box of 30 pockets with 2.5 g or 5 g gel. 

This is o summary of the importonl information about AndroGel. for details, talk to your healthcare 
professional ond refer to the package insert. 

1 . What Disease or Condition Does AndroGel Treat? 

Youi healthcare provider has prescribed this medication because your body does not produce enough 
testosterone. The medical term for this condition is hypogonadism. 

2. How Should AndroGel (Pump or Packet) Be Applied? 

It is important thol you use AndroGel as prescribed by your healthcare professional. If you experience 
serious problems, contact your healthcare professional. Your healthcare professional will tell you how 
much AndroGel to use eoch day. 

Men should apply gel to shooed oreos (upper oim/shoulders. ond/or abdomen) only. 




Sile(s) of Gel Application 

• AndroGel should be applied once dally at the same time each day (preferably every 
morning) to clean, dry, healthy, intoct skin of the shoulders, upper arms ond/or abdomen. If you take 
a both or shower in the morning, use AndroGel after your both or shower. 

• AndroGel should not be applied to the penis or scrotum, or to skin with open sores, wounds 
or irritation. 

• Wash your hands with soop and walei immediately after application to reduce the chonce thot 
the medication will spreod fiom your hands to other people. 

• Let AndroGel dry for o few minutes before you dress. 

• AndroGel is flammable until dry; allow the gel to dry before smoking or going neor on 
open Home. 

• Wait S to 6 hours before showering or swimming. This will ensure that the greatest amount ol 
AndroGel is absorbed into your system. 

How to use the AndroGel pump? 

It is important that you lead and follow these directions on how to use Hie AndroGel Pump properly. 
Before using Hie pump for Hie first rime, you must prime Hie AndroGel pump by fully depressing Hie pump 
three times ond discarding the gel. The unused gel should be discarded in a monnei to ovoid accidental 
exposure oi ingestion by household members or pets. Fully depress Hie pump Hie appropriate number 
of times to deliver Hie doily dose prescribed by your healthcare provider. The product may be delivered 
direcHy into Hie palm of your hand and then applied to the desired application sites, either one pump 
depression at a time or upon completion of all pump depressions roquired for the daily dose. 

How to use the AndroGel packets? 

Open one AndroGel aluminum foil packet by folding the lop edge ot the perforation ond tearing 
completely ocross the packet along the perforation. Squeeze the contents into the palm of your hand. 
Squeeze from the bottom of the packet toward the top. If you like, you may squeeze o portion of the 
gel from the packet into the palm of your hand ond apply to application site(s). Repeat until the entire 
contents of the pocket have been applied. 

3. What Should You Discuss With Your Healthcare Professional? 
Before you start using AndroGel, tell your healthcare professional if you: 

• Have prostate cancer or breast concer. 

• Have a known hypersensitivity to any ol AndroGel's components, including individuals who are 
hypersensitive to testosterone that is chemically synthesized from soy. 



4. What Other Drugs Should Not Be Used Together With AndroGel? 

Tell your healthcare provider obout all of the medicines you lake, including prescription ond non- 
prescription medicines, vitamins and herbal supplements. AndroGel con affect how your body handles 
other drugs. Changes in your dose or careful monitoring may be needed if you ore taking ony of Hie 
following medications: 

• Insulin 

• Corticosteroids 

• Oral Anticoogulonts 

5. What Are The Side Effects And Risks? 

Possible side effects of AndroGel 'o discuss with your healthcare professional include: 

Most common: Skin irritation where gel is applied, breast development or tenderness, acne, prostate 
enlargement, changes in lab test results and changes in urinary habits. 

Contact your healthcare professional il you experience any of the following odverse reactions: 

• Too frequent or persistent erections of Hie penis. 

• Any nausea, vomiting, changes in skin color or ankle swelling. 

• Breaming disturbances, including those associated with sleep, oi excessive daytime sleepiness. 

• Changes in urinary habits such as increased urination ot night, trouble storting your urine srieom, 
passing urine many times during the day, having on urge that you hove to go to the bathroom tight 
away, having o urine Occident, being unable to pass urine ond weak urine flow. 

The major risks of AndroGel include: 

Prostate Disorders: Patients treated with testosterone moy be at on increased risk lor prostate 
enlargement, ond prostate concer. folk to your heohhcoie provider for more information on risk factors 
and ways to monitor for prostate disorders. 

Testosterone Transfer: Tronsfer ol testosterone to others (including women ond children) can occur 
when vigorous skin-to-skin contact is mode with Hie application site. AndroGel must not be used by 
women, and exposure to the active ingredient testosterone in pregnancy can cause fetal harm. Notify your 
healthcare provider if your female partner develops changes in hair distribution, increases in acne or other 
signs of masculinity. 

6. How Should AndroGel Be Stored? 

Store at 25°C (77°F); excursions permitted to 1 5° to 30°C (59° to 86°F) [see USP Controlled 
Room Temperature] . Keep out of Hie reach of children. 

7. Is There Anything Else I Need To Know When Using AndroGel? 

Your healthcare professional has prescribed AndroGel to meet your specific needs; never shore your 
AndroGel with onyone. If you hove any questions or concerns obout your AndroGel treatment, osk 
youi healthcare provider or phormocist. 

Revised: December 2007 
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©America's moonshot in 1969 stands as testament to great engineering and 
organization. However, all plans are subject to change. As early as 1962, Popular 
Mechanics was analyzing NASA's concepts for the Apollo program. The launch vehicle 
was to be a "white-and-silver shaft jutting majestically 185 feet into the still-cool 
morning air," a description that paralleled the three-stage construction of the Saturn V 
rocket, but underestimated the eventual design by nearly 200 feet. NASA had consid- 
ered launching several small rockets and linking their payloads in orbit— an idea that 
current NASA planners are mulling for a return to the moon by 2020— but chose one 
363-foot Saturn V instead. (See "No Margin for Error," page 68.) - allie haake 
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Microwave 
Weapons Find a 
Home in the 
U.S. Air Force 

HIGH-POWER AIRBORNE EMITTERS 
MAY BE AN IDEAL WAY TO 
NEUTRALIZE ENEMY 
ELECTRONICS. BY ROXANA TIRON 



v New research into high-power 
microwaves could make them a 
crucial tool of electronic warfare. The 
U.S. Air Force's newest directed-energy 
weapon program, the Counter- 
Electronics High-Powered Microwave 
Advanced Missile Project, would create 
a weapon that fires powerful bursts of 
HPM, frying the electronics of multiple 
targets without harming people or 
other infrastructure. CHAMP's 
microwaves could be delivered from 
pods on airplanes, unmanned aerial 
vehicles or even retrievable cruise 
missiles programmed to safely land 
near their points of origin, says Doug 
Beason, a member of the Air Force's 
Science Advisory Board who has 
worked on directed-energy weapons. 
"You want to fly close to the target. You 
do not want to hit the target kineti- 
cally," Beason says. Hurdles to a usable 
system include miniaturizing the 
antennas and the power supply. 
According to Air Force documents, the 
winner of the $40 million CHAMP 
contract, expected to be chosen this 
year, would have five years to demon- 
strate a working device. 
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5 carat pear-cut 
Dlamond/tura- center 
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.925 sterling silver 



Sp ecial Off er* 

Receive $200 in Stauer 
Gift Coupons with the 

purchase of this necklace. 
lev, you read that right. 









Better Than FREE? 



Stauer gives back! Get our 6-carat French Pear Pendant for $195 and get $200 in gift coupons'. 



Belter than free? Believe it. Stauer is 
returning some of its success to our 
many clients with the lavish, limited 
edition 6-carat French Pear Drop Pendant 
along with a special gift. 

Despite tough economic times, Stauer has 
had a very good year. Now it's time to give 
back. That's why when you purchase the 
Dlamond4//ra" French Pear Drop Petulant 
Necklace for $195, you'll receive two $100 
Stauer gift coupons. That's $200 you can 
use on any of our hundreds of pieces ol ftae 
jewelry, vintage watches and luxury goods. 

Breaking the big-carat barrier. 

Diamond/two* has proven to be a magnif- 
icent lab creation since we first released it 
five years ago but, up until now we 
couldn't make a l)iamonuVli/ru J pendant 
larger than 2 V* carats. Today we release 
the ultra-luxury, majestic lab-created 
Diamond/Win/ pendant with stunning 
clarity, cut and color rarely seen. Our 
Pendant features a S carat, pear-cut 
Diamond/two that dangles from an 18" 
chain of the finest .925 sterling silver. The 
pear is topped with an Impressive 1 carat 
marquise-cut Diamond;!/*™ bail. 

The Four Cs. Our exclusive Diamond/iwra 
jewelry has splendid specifications: color, 
clarity, cut, and carat weight. We won't 
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bore you with the details, but we've 
Invested close to $6 million in developing 
Diamond4w<i. The complex laboratory 
process involves rare minerals heated to an 
incredibly high temperature of nearly 
5,000" F inside some very modern and 
ex|>ensivc equipment. Using chemistry, we 
found a better way to match the fire and 
brilliance of a "D" flawless diamond at a 
much more reasonable cost. 

Here's the plain truth: limes are 
tough, people arc strapped and the bottom 
has dropped out of our economy. It doesn't 
matter if you're from Wall Street, Main 
Street or Rodeo Drive, everything has 
changed. II you have a house, a 401 K or a 
bank account... you've taken a financial hit. 
But you still need to surprise her with some- 
thing that will truly take her breath away. 

Sound to good to be true? Let me 

explain: at Stauer we don't make money 
selling one piece of jewelry to you, we stay 

Smart Luxuries — Surprising Prices 



in business by serving long term clients. 
Our data tells us that when you become a 
Stauer client, you'll be back. 

Even a Recession has a silver lining. If 

you are not thrilled with the Diamond1w<? 
French Pear Drop Pendant, return it with- 
in 30 days for a refund of your purchase 
price. Our Diamond-two will last forever, 
but our limited edition will not. Call today 
to take advantage of this offer. 

1E WE L RY S PECS; 

- S carat pear-cut center Diamondduro" 

- 1 carat marquise-cut Diamondduro" boil 

- Set in precious .925 sterling silver 

- 1 8" princess-length chain ol.92S tarnish-free 
sterling silver 

French Pear Drop Pendant Necklace 

(6 ctw) only $195 

Special Offer'— Receive $200 in Stauer 

dill Coupons with the purchase of tin- 

French Pear Drop Pendant 

'"Due to expected demand, this Is a 

very limited time offer. Call today!'" 

('all now lo take advantage oj this limited offer. 

1-800-721-0386 



Promotional Code PDN 166-02 

Please mention this code when you call. 



Suuer 



uioi Southerns Drive W„ 

Dcpt. PDN 1 66-02 
Biirnsvillc. Minnesota 5S337 

www.stauer.com 




Ultimate Multitool 



j ^ j . > j j 




A well-stocked Cool collection can take up a whole lot of space, ' 
and cost a whole lot of money. It's a shame, too, when you 
^ j j consider that so many hand tools consist of nearly identical 
j j i handles topped by different blades, bits orjaws. The Kobalt J^ ^ 
SpeedFit System ($8 to $60) takes advantage ofthis fact. It's 
a handle, chuck and bit system that transforms, in seconds, 
■ into whatever hand tool the situation requires— whether that's 
i a wrench, a screwdriver or even a mirror. — seth porges 
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PM 

grill 
tips 



To cook a steak well-done without drying it out. Pat Neely, co-host of 
Down Home With the Neelys, says: Take your almost-done steak off 
the burners and wrap it tightly in/oil. Then, put the wrapped meat 
over indirect heat. It will continue to cook without charring or drying. 



Always leave a third of the grill empty for 
wiggle room and a safe place to move food in a 
flare-up. says Steven Raichlen, host o/Primal 
Grill and author o/The Barbecue Bible. 




1. Grill Mat 

A flexible concret- 
ized grill mat 
guards against 
grease drips. 

2. Trash Can 

A grill-side trash 
can saves trips 
indoors. Or use it to 
store wood chips. 

3. Chimney Starter 

The best way to 
light charcoals 
without taste- 
ruining lighter fluid. 
Heat the coals for 
15 to 20 minutes 
before removing 
the chimney and 
putting in the grill. 



4. Spatula 

Forget those 
oversized hardware- 
store BBO spatulas. 
The thinner, sharper 
and more flexible 
your spatula, the 
easier it is to 
perform surgical 
burger flips. Look 
for one that's 
stainless steel 
and at least 
16 inches long. 

5. Fork 

Okay for quick meat 
moves, but jab spar- 
ingly or you'll leak 
juices. Look for a 
stainless-steel fork 
that's at least 
16 inches long. 



6. Grill Brush 

The grill brush 
keeps your grate 
clean. Get a long, 
stiff wire brush. 

7. Tongs 

This is your primary 
food-moving tool. 
The best are 
stainless steel, 
spring-loaded 
and at least 16 
inches long. 

8. Knife Set 

Cutting meat on a 
grill-side cutting 
board saves trips to 
the kitchen. 



9. Infrared 
Thermometer 

The easiest way to 
find out when the 
grill is hot enough. 
Point at the grate 
for instant and 
accurate readings. 

10. Basting Brush 

A regular pastry 
brush is perfect 
for basting. Opt for 
one at least 2 
inches wide with 
natural bristles. 

11. Instant-Read 
Thermometer 

Quickly and 
accurately tells 
when meat is ready. 



12. Table 

An outdoor table 
or cart allows you 
to keep more 
tools nearby and 
serve dishes 
without shuttling 
back to the 
kitchen. Look for 
one with wheels, 
preferably made 
from easy-to-clean 
stainless steel. 

13. Grill Mitts 
Leather grill 
gloves offer heat 
and grease 
protection with 
maximum 
dexterity. 



Steaks taste best ifrefrigerated until the last 
possible minute. To keep your cuts cool until 
they hit the grill, Raichlen suggests keeping 
an ice-pack-filled cooler grill-side. 



PHOTOGRAPHS BY LEVI BROWN 



How to grill fish without it getting stuck to the grate: Use tongs to grab 
a wad of paper towel, then dip it in oil and coat the grate. The flesh 
side of the fish is stickier, so start skin side down, and flip it just once. 
The tail cooks faster than the head, so keep it farther from the heat. 
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the 

PM 

recipe 



Grilled 
Pork 

Porterhouse 
Chops 

created for PM 
by Pot Neety 

• Prepare grill for 
indirect grilling 
(crank one row of 
burners or move 
coals to one side). 

• Melt 2 table- 
spoons unsalted 
butter with a 
couple of dashes 
of Worcestershire 
sauce. 

° Season six 
double-cut pork 
porterhouse chops 
with salt and 
pepper, then brush 
with butter mixture. 
« Rub grill grate 
lightly with 
vegetable oil. Cook 
chops on hottest 
spot on grill for 
4 minutes per side 
(turning once), or 
until each side has 
grill marks, 
o Move chops to 
cooler side of grill, 
brush with barbecue 
sauce, turn and 
brush other side. 
» Cover chops with 
aluminum pan. 
Continue cooking 
until interior 
reaches 150 
degrees (at least 10 
minutes). Set aside 
for 5 minutes. 
<• Serve with BBQ 
sauce on the side. 



s 



/ 

PatNeely 

is the founder of 

Neely's BarB-Que 

restaurants and 

co-host of the Food 

Network's 

Down Home 

With the Neelys. 



JUNE 2009 25 



ft) 

as 

EL 



Quick Cam 

We've seen 
high-speed 
cameras before, 
but none has made 
quite as much use 
of its burst abilities 
as the 9-megapixel, 
20x-zooming Sony 

Cyber-shot 

DSC-HX1 ($500), 

which uses its 

10-frames-per- 

second capability 

for a series of 

never-before-seen 

features. Hold the 

shutter and sweep 

the camera back 

and forth to 

automatically 

stitch high-speed 

photos into an 

up-to-224-degree 

panoramic shot Or 

hold the camera 

steady to have it 

turn a series of 

almost-identical 

shots into a noise- 

and blur-free 

composite. 

\ 







An earlv Super Soaker prototype 
fromLonnieJohnson'scollection. Tjme ^ jf you needed 

serious firepower in a water 
fight, you had to reach for the 
hose. That changed 20 years ago, when inventor and NASA scientist Lonnie Johnson came 
up with a way to use hand-pumped air pressure to power a water-gun blast. His Super Soaker 
would forever alter the way water wars are fought. While Johnson has since had a hand in 
(arguably) more important work, including a PM Breakthrough Award-winning method for 
generating electricity, he still looks back fondly on his water gun. "There are three inventions 
that I am really proud of," Johnson says. "The robot I built in high school, the circuitry for the 
Galileo spacecraft and the Super Soaker." To mark the gun's 20th anniversary, Hasbro is 
re-releasing the original blaster— the Super Soaker 50 ($15). 

"/ was working on a heat p ump that used water as a workingfluid and I made some 

jet pumps for it. I accidentally shot a stream of water across a bathroom where I 

was doing the experiment and thought to myself: This would make a great gun. " 

—Super Soaker inventor Lonnie Johnson on his eureka moment. 
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The re released 
Super Soaker. 50. 



Sling Blade 

If you want to chop wood on 
a camping tnp, you could 
turn to a Bulky, heavy axe. But 
the GerberKickAxe($65) is 
all the tool you need for 
accumulating campfire 
kindling. It weighs just over a 
pound and folds shut like a 
Swiss Army Knife. When 
closed, it's under 7 inches 
long, and compact enough for 
backpackers (it can even oe 
stuffed into a pocket). 
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Men with Erectile Dysfunction (ED) are discovering that VIAGRA can 
help them get and keep harder erections, which can lead to more satisfying 
sexual experiences. Ready to get the message? Read all about it at viagra.com. 
Then ask your doctor if VIAGRA is right for you. 



Vt#*< 



(sildenafil citrate) aMeu 



VIAGRA is prescribed to rre.it erectile dysfunction. We know that no medicine is tor everyone, Don't take VIAGRA if you take nitrate 

prescribed for chest pain, as this may cuisc .1 Hidden unsafe drop in blood pressure. 

I -ilk with your doctor first. Make sure your heart is healthy enough DO have sex. If you have chest pain, nausea, or other discomforts during sex, 
seek medical help right away. As with any ED tablet, in the rare event oi an erection lasting more than four hours, seek immediate medical help 
to avoid long-term injury. 

In rare instances, men taking PDES inhibitors (oral erectile dysluncnon medicines, including VIAGRA) reported a sudden decrease or loss 
of vision, or sudden decrease or loss of hearing. Ir is not possible to determine whether these events arc rel.ued directly to these medicines or to 
other factors. II you experience .in)- of these symptoms, stop taking PDE5 inhibitors, including VIAGRA, and call a doctor right away. 

The most common side effects of VIAGRA are headache. lacial Bushing, .mc\ upset stomach. Less common arc bluish or blurred vision, or 
being sensirive to light. These may occur for a brief time. VIAGRA does not protect against sexually transmitted disease- including HIV. 

Please see Important Facts tor VIAGRA on the following page or visit viagra.com for full prescribing information. 
For free information, including questions to ask your doctor, call 1-888-4 VI AGRA (1-888-484-2472). 



You are encouraged to report negative side (fleets of pre s c ript ion drugs to the FDA. 
Visit www.FDA.gov/mcdwatchor call 1-S00-FDA-1088. 



VGU00348I O 200S Pfr/w Inc. 
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IMPORTANT FACTS 



Ivi-AG-rah) 



(sildenafil citrate) tMeu 



IMPORTANT SAFETY INFORMATION ABOUT VIAGRA 

Never lake VIAGRA if you lake any medicines with nitrates. This 
includes nitroglycerin. Your blood pressure could drop quickly. Il could 
Call lo an unsafe or [He-threatening level. 

'ABOUT ERECTILE DYSFUNCTION (ED) 

Erectile dysfunction means a man cannot get or keep an erei don I lealttl 
problems, injury, or side elTeels of drugs may cause ED. The cause may 
not be known. 
^ - 

ABOUT VIAGRA 

VIAGRA is used lo ireal ED in men. When you want lo have sex. 
VIAGRA can help you get and keep an erection when you are sexually 
exciled. You cannot gel an erection just by taking the pill. Only your 
doctor can prescribe VIAGRA. 
VIAGRA docs not cure ED. 

VIAGRA docs noi protect you or your partner from S IDs (sexually 
transmitted diseases) C* HIV. You will need to use a condom. 
VIAGRA is Hi it .1 hormone or. in aphrodisiac. 

WHO IS VIAGRA FOR? 

Who should take VIAGRA? 

Men who have El) and whose heart is bsflllhy enough for sex. 

Who should NOT take VIAGRA? 

• If you ever lake medicines wilh niu.iies 

• Medicines thai ireal Cheat pain (angina), such a.s nitroglycerin 
or isosorbide mononitrate or diniiruic 

• If you use some slreel drugs, such as "poppers"' (amy I nilrale D) 
nitrite) 

• If you are allergic to anything in the VIAGRA tablet. 



BEFORE YOU START VIAGRA 

Tell your doctor If you have or ever had: 

• I lean attack, abnormal heartbeats, or stroke 

• Heart problems, such as heart failure, chest pam. or aortic valve 
narrowing 

• Low or high blood pressure 

• Severe vision loss 

• An eye condition called retinitis pigmentosa 

• Kidney or liver problems 

• Wood problems, such as sickle cell anemia or leukemia 

• A deformed penis, Peyronie's disease, or an ereclion that lusted 
more than 4 hours 

• Stomach ulcers or any kind of bleeding problems 

Tell your doctor about all your medicines. Include ovei-lhc counlci 
medicines, vitamins, and herbal products. Tell youi doctor if you 
lake or use: 

• Medicines called ulpha-hlockcrs to treat high blood pressure or 
prostate problems. Your blood pressure could suddenly gel loo 
low. You could gel di/./y or faint. Your doctor may start you on u 
lower dose of VIAGRA. 

• Medicines called protease inhibitors for HIV. Your doctor may 
prescribe a 25 BOg dose. Your doctor may limit VIAGRA lo 25 
mg in a -IK-hour period. 

• ( Ulier methods to cause erections. These include pills, injections. 
Implants, or pumps. 



POSSIBLE SIDE EFFECTS OF VIAGRA ^ 

Side effects are mostly mild lo moderate. They usually go awuy ufter 
a few hours. Some of these are more likely lo happen with highci doses 
The most common side effects are: 

• Headache • I-ccling flushed • I ipset stomach 
Less common side effects are: 

• UrOUble telling blue and green apart or seeing a blue tinge on things 

• Eyes being more sensitive to light • Blurred vision 
Rarely, a small number of men taking VIAGRA have 
reported these serious events: 

• Having an ereclion thai lasts more than 4 hours. If the erection is 
not (retried right away, long-term loss of potency could occur. 

• Sudden decrease or loss of sight in one or both eyes. We do not 
know il these events are caused by VIAGRA and medicines like 
it or caused by olher factors. They may be caused by conditions 
like high blood pressure or diabetes II you ha\e sudden vision 
changes. Mop using VIAGRA and all medicines like it. Call your 
doctor right awuy. 

• Sudden decrease or loss t <( hearing. We do not know il these 
events are caused by VIAGRA and medicines like il or caused 
by other factors. If you have sudden hearing changes, stop using 
VIAGRA and all medicines like il. Call your doctor right awuy. 

• Heart attack, stroke, irregular heartbeats, and death. We do not 
know whether these events urc caused by VIAGRA or caused by 
other factors. Most of ihese happened in men who already had 
heart problems. 

II you have any ol Ihese problems, stop VIAGRA. Call voiu doctoi 
right awuy. . 
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HOW TO TAKE VIAGRA 

Do: 

• Take VIAGRA only the way your doctor tells you, VIAGRA 
comes in 25 mg, 50 mg. and 100 mg tablets. Your doctor will tell 
you how much lo lake. 

• If you are over 65 or have serious liver or kidney problems, your 
doctor may stun you at the lowest dose (25 mg). 

• lake VIAGRA about I hour before you want lo have sex 
VIAGRA starts to work in about 30 minutes when you are 
sexually excited. VIAGRA lasls up to 4 hours. 

Don't: 

• Do not lake VIAGRA more than otu e •> day 

• Do not take more VIAGRA than your doclor tells you. If you 
think you need more VIAGRA, talk with your doctor. 

• Do not start or slop any other medicines before checking wilh 
. your doctor. 



NEED MORE INFORMATION? 

• This is only a summury of important inlomi.uion. Ask your 
doctor or pharmacisi for complete product infonnuiion OR 

• Goto www.viagra.com or call (888) 4 -VIAGRA (484-2472). 



Uninsured? Need help paying for Pfizer medicine? Pfizer *<"' 

has programs thai can help. Call 1-866 706 2400 or vlsil ^ 



www.PnzerHelplulAnswfrs.com. 



answers 



Uisirihuictl by: 
I'li/ci Ijita 

DivMonal Mm Inc NY NY hum 7 

Rft Only O2007 IVi/ci In. Ml rfftbU TWCTVCd .'itiiu-U tn id.- I M 

VI ill K.-V I I.MI7 
RoiiMcivd Uiulmwik* ate ilic pmptMis i>I tlieir tc*pccti\c owner*. 



Test 
Drive 



LUGGAGE 
YOU CAN 
SIT ON 



Seats can be in short supply at crowded airports. So 
there's something compelling about the carry-on-size 
Ziica Pro Luggage ($285), which features a flat-top 
anodized aluminum frame that the manufacturer claims 
is tough enough to serve as a seat. To test it, we lugged it 
around town, on travels and to work. Our findings: Trie 
seat came in handy (it was far easier to get work done 
during layovers), but the sturdy structure comes at a 
price: It weighs 9.4 pounds, empty. And be careful when 
grabbing the top handle— its metal edges are a bit sharp. 
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Who Ya Gonna Call? 

If you lived through the '80s, you'll be 
excited about this one. Ghostbusters: 
The Video Game (price varies by 
system) picks up where the second 
movie left off, putting you in control of 
a proton-packing, marshmallow-melt- 
ing Buster. The original cast is back, 
lending their voices, and the script is 
penned by the movies' scribes. The 
Ghostbusters trilogy is now complete. 
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Durable, compact and stable. 

These great new dust extractors have an optimized 
shape with six wheels Instead of four for added stability. 

Incredibly quiet. At an average 60 decibels, 
they are far quieter than most other popular dust 
extractors. 

Tremendous static water lift. 

At 90 to 99 Inches of water lift, FEIN dust extractors 
produce far greater suction than the competition. 

New electronic suction control. 

All three models come with variable suction control 



with an easy to read LED indicator that saves energy 
and reduces noise to an absolute minimum. 

Powerful heavy-duty motor. 

All FEIN dust extractors are designed for heavy- 
duty, continuous use with dual fan turbo cooling to 
extend motor life. 

Can be used wet or dry. 

For more Information, a free brochure and a dealer 
near you, call 1-800-441-9878 or visit us at www. 
feinus.com. 
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CHOPPER + CONVERTIBLE + 
SPORT SEDAN + PICKUP TRUCK 



New Cars 



Heavy Duty Hybrid 



Diesels are the de facto option for saving fuel at the highest end of the pickup capability scale, 
but for light-duty trucks, the Chevy Silverado Hybrid offers the most frugal solution. We traveled 
deep into the heart of Texas— land of the pickup— to find out if these new trucks have the 
capability and efficiency we crave. The hybrid system is the same as the one in GM's SUVs and 
generates a total of 332 hp and 367 Ib-ft of torque. The 6.0-liter V8 can also operate as a V4 
under light load conditions. A 4WD Silverado Hybrid is rated at 20 mpg city and highway, so 
with a 26-gallon tank it has a range of 470 miles. We loaded a 2WD Hybrid with 800 pounds of 
sandbags and hitched it to a 5200-pound boat. There seemed to be plenty of torque to move 
the load and we averaged 14 mpg— not bad considering the work, —johnstewart 



2009 Chevy 
Silverado Hybrid 

Base Price: $38,995 
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Easy Rider 

Most people think of choppers as long 
and low customs, cobbled together in 
small shops by a dedicated group of 
talented, tattooed fabricators. But the 
Fury is a Honda, so it injects high levels 
of reliability into the equation too. The 
1312-cc bike captures chopper styling 
but the ride is quiet and smooth- 
perhaps too much so for ironmen in 
pudding-bowl helmets. The staggered 
shotgun pipes are muted, yet deliver a 
faithful "potato-potato" beat with a 
baritone timbre. There's torque aplenty, 
and the fuel-injection calibration is so 
finely tuned it makes the rider feel like 
he has the timing of a kung-fu cham- 
pion. The $12,999 Fury proves that 
radical design doesn't have to produce 
an impractical bike. - BARRY WINFIELD 



Compadre 

Not everyone needs the explosive 
power and knife-edge handling of 
most 600-cc sportbikes— or the 
backache-on-wheels riding position 
either. Yamaha's potent YZF-R6 
is a beast. So there's a niche for 
a detuned version with more 
bottom-end grunt and taller 
handlebars— like the new $7090 
FZ6R. Instead of the higher-end 
YZF-R6's alloy structure, the 
467-pound FZ6R uses welded 
steel for the frame and swing arm. 
We spent a full, albeit chilly day 
chasing twisties through Sonoma 
County, Calif., finishing up with 
a blast down to Big Sur. This 
easygoing bike feels like an old 
friend. There's no learning curve and 
no need for muscle relaxants after 
a full day's ride, thanks to the low, 
comfy saddle and rear-mounted 

foot pegs. -MIKE ALLEN 



At 78 hp, the FZ6R's 
powerplont is based 
on last year's 600-cc 
YZF-R6 inline four- 
cylinder. The bore and 
stroke are the same 
at 65.5 by 44.5 mm, 
and the compres- 
sion is still a healthy 
12.2:1. But cam tim- 
ing and fuel delivery 
have been revamped 
to lower the torque 
peak and fill in the 
bottom regions of the 
torque curve. 
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TEMPUR PEDIC 
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THINK OF IT AS 
ITIONAL LTH IN RANC 



better sleep 
that is 



Welcome to Tempur-Pedic @ 

...where we've always believed 
better sleep can make you healthier. 

These days, it seems like more and more people are understanding the relationship between 
and better health. So we're proud that our authentic Tempur-Pedic mattress is the only mattress 
recommended worldwide by more than 25,000 health care professionals. They know that 
you can cover a traditional mattress with padding or a pillow-top, but you can't hide the 
truth: Those metal springs can create painful pressure points. But every Tempur-Pedic 
is filled with our unique Swedish TEMPUR® material, which absorbs pressure, 
cushioning your body for the kind of sleep you just can't get on a bed of 
metal springs. So we genuinely believe that when you choose 
your next bed, it can also be a healthy choice. 
Call for more information. 





TEMPUR 



welcome to bed 




Hhe ClassicBed 
b/Tempur-Pedic" 
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HEALTH CARE PROFf SSIONALS 
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SPACE 




THE ONl'MATT HESS 
MCCKMIttUUII-T.* 
ANDCUHMIit.DUYlMI 
SMCr FOUNDATION ♦ 



Call today for your FREE Information Kit with 
FREE DVD / FREE Sample / FREE Tryout Certificate 

888-359-8492 

or visit us online at www.TempurPedic.com 
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Sign of the Times 

Can a hybrid Porsche be a real 
Porsche? Perhaps. Tucked between the 
supercharged 3.0-liter V6 and the 
eight-speed automatic of this Cayenne 
is an electric motor. Combined, the 
system delivers 374 hp— only 11 less 
than the V8 Cayenne. We drove a 
prototype in Germany and found the 
performance impressive. Listen closely 
and the supercharger can be heard 
whining; the steering feels well 
connected to the pavement, and the 
tires sutured to the road. Like other 
hybrids, the engine shuts down to save 
fuel, and it can whirr along on battery 
power up to 30 mph. But the innovation 
comes from "sailing," a clutch system 
that allows the Cayenne to glide at high 
speeds with the engine completely off. 
Expect it to command $7000 over the 
CayenneS. — JOHN PEARLEY HUFFMAN 



Structural Integrity 

Two key challenges, when creating a 
convertible model of an existing sporty 
car, are to preserve body-structure 
stiffness and maintain agility. The new 
G37 convertible succeeds on both 
counts. It is 435 pounds heavier than 
the coupe, thanks mostly to bracing 
added to ensure rigidity in the absence 
of a fixed roof. Yet we found the 2-ton 
droptop nearly as fun as the original on 
the curvy roads near Malibu, Calif. The 
metal top folds away in 30 seconds, 
letting you hear the full song of the 
Infiniti's 325-hp 3.7-liter V6. And that 
Six makes the sweetest sounds this 
side of Stuttgart. The innovative 
climate control system adapts its 
output to the speed of the car, so you 
stay comfortable whether the top is up 
or down. There is one drawback: As in 
most droptops, there's precious little 
trunk space (2 cubic feet) when you're 
running alfresco, — benstewart 



Sharpened Claws 

The 510-hp XFR is the Type A 
personality wildcat in Jaguar's 
lineup. Click the shifter into the D 
position and prepare for the surge. 
Even under light throttle, there's a 
swell of torque. The six-speed 
automatic is brilliant too. Shifts can 
be "stacked," if necessary. Pull the 
left paddle back several times and 
the transmission will remember how 
many shifts you've preselected and 
execute those downshifts only when 
engine rpm allows. Yes, it almost 
feels like cheating. At Spain's 
Monteblanco Circuit, we shut the 
stability system off and enjoyed 
tremendous tail-wagging, tire-sliding 
fun. The $80,000 XFR exhibited 
rock-solid stability at speeds 
approaching 140 mph. 

- BASEM WASEF 
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Business Class 

More than 22 million miles were 
logged developing the new E-Class. 
That was the company's most 
comprehensive test to date, and 
for good reason— the E-Class is the 
core of Mercedes-Benz. The car's 
new skin boasts a slippery 0.25 
drag coefficient, equal to a new 
Prius. A 268-hp 3.5-liter V6 powers 
the E350, but we spent most of 
our own test time in Madrid driving 
the 382-hp V8-powered E550. The 
car's ample steering feel inspires 
confident maneuvering, while the 
seven-speed automatic makes the 
most of the V8's thrust. And the 
posh, serene interior just might 
steal some comfort-oriented 
buyers away from its Bavarian 
rival. - BASEM WASEF 



Rock Star 

A six-figure supercar 
might seem like a 
tough sell these days. 
But for those whose 
net worth allows it, 
the $269,000 Aston 
Martin DBS is brisk 
enough for the 
autobahn, discreet 
enough for Bond- The 
V12 delivers 510 hp 
and 420 Ib-ft of 
torque. It sounds so 
good we'd want to 
keep the windows 
down permanently. 
The ride is surprisingly 
stiff— especially when 
the shocks are 
firmed— but the 
tradeoff is an ability to 
trace an arc with 
max precision. — aw. 
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It's been more than a 
half-century since 
Mercedes-Benz 
unveiled its iconic 
300SL Gullwing. This 
upcoming AMG sports 
car just might be bold 
enough to properly 
honor that legend. The 
SLS AMG's 6.3-liter 
571-hp V8 delivers 
479 Ib-ft of torque, 
runs a dry-sump 
lubrication system and 
is matched solely to a 
new AMG dual-clutch 
seven-speed transmis- 
sion via a carbon-fiber 
prop shaft. Perfor- 
mance, we hear, will be 
wicked— exceeding 
that of the outgoing 
8495,000 SLR 
McLaren— for far less 
money. — B.W. 




The SLS AMG will be 

built around a cast 

and extruded aluminum 

space frame that 

tips the scales at just 

531 pounds. 
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Italian Americans 



ARE WE READY FOR FUN, FUEL EFFICIENT EUROPEAN CARS? IF MINI'S 
SUCCESS IS ANY INDICATION, YES. THE PROPOSED FIAT-CHRYSLER 
ALLIANCE COULD BRING SOME SPRIGHTLY RIDES TO U.S. SHOWROOMS 
SOON. HERE'S A LOOK AT THE LIKELY CANDIDATES. BY ANDREW ENGLISH 



2009 Fiat Grande Punto 



Fiat's sales volume comes from the 
micro-size Panda, but the profits are in 
the larger Grande Punto, which is 
about 5 inches longer than a Honda 
Fit. The turbo 1.4-hter will hit 60 mph 
in under 9 seconds. A sporty Abarth 
packs 180 hp and sprints to 60 mph in 
7.7 seconds. The Grande Punto might 
be badged as a B-car for Chrysler, and 
the Abarth could create an inexpensive 
hot rod for Chrysler's SRT division. 

The people's Fiat, the tiny Panda— 
15 inches shorter than a Nissan 
Cube— is affordable and roomy for its 
diminutive size. Dnvetrains range from 



a 1.0-liter that returns nearly 50 mpg, 
up to a 1.4-liter 36-mpg. So the boxy 
Panda could be a hip Scion competi- 
tor. The 4x4 version could become a 
fuel-efficient Jeep. 



—ma 

The Fiat 500 is like a mini-Mini— in 
both size and price. In its footprint, it's 
nearly identical to its chassis-mate, the 
Panda. But the 500 is a retro-chic take 
on the '57 original. And because it has 
the global cachet to sell in Chrysler's 
showrooms as a Fiat, it might be the 
first to arrive in the U.S. 
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HYBRID 
TAX CREDITS 
Under the stimulus 
act's tax rebate for 
plug-in hybrid cars, 
a 4-kilowatt-hour 
battery will qualify 
for a $2500 rebate, 
with another $417 
for each additional 
kwh, up to a total of 
$7500. Chevy's 
Volt, with a 16-kwh 
battery, will be 
eligible for the maxi- 
mum. Bigger packs 
mean heavier, more 
expensive cars. A 
recent Carnegie 
Mellon University 
study suggests 
hybrids with smaller 
batteries could be a 
more cost-effective 
way to reduce our 
nation's fuel use. 
-LARRY WEBSTER 

i 

DIESEL 
DELAYS 
Low fuel prices 
and the tough 
economic climate 
are affecting diesel 
engine develop- 
ment GM canceled 
plans for its new 
4.5-liter V8 diesel. 
This innovative 
engine featured 
cylinder heads with 
integrated intake 
and exhaust 
manifolds. It 
produced over 300 
hp, yet returned 25 
percent better fuel 
economy than a 
similar gas V8. We 
hear Nissan is likely 
to delay the diesel 
Maxima. Acura may 
do the same with its 
diesel. But VW, 
whose buyers are 
diesel enthusiasts, 
reports strong 
demand for the 
Jetta diesel. —LW. 



Advanced friction technology. 
Didn't expect that in a hunk of clay, 

did you? 




Mothers California Gold 1 Clay Bar. 
Designed to do what washing 
and polishing alone can't, this i 
exclusive system incorporates 
a shearing process known as 
advanced friction technology to 







remove harmful contaminants 

such as bird droppings, airborne 

metal particles, brake dust and tree 

sap. All without scratching your paint, 

The result is a finish that feels and looks 

showroom new Visit us at Mothers.com 




SPRAY, CLAY, WIPE AWAY: STEP 1: Spray. Use Mothers Showtime Instant Detailer lo lubricate your 
car's finii h STEP 2: Clay. Flatten clay and glide across lubricated surface until amooth. Contaminants ate 
pulled out of the paint and suspended inside the clay so they can't be re-deposiied elsewhere. Re- knead the 
clay when u becomes dirty STEP 3: Wipe away. Dl v excess Showtime' with a microfiber or terry cloth towel. 
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"Mother* Clay Har System - mart value, mine clay." 

Craig Burnett, Lead Chemist 



Mothers" Clay Bar Kit includes: 
Two 80 gram clay bars 
1 6 oz. Showtime" Instant Del 
15"x 15" premium microfibei towel 





MOTHERS 

Polishes»Waxes»Cleaners 

itiothcrs.com ■ dotaiIguide.com 
waxforum.com 
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A FOUR-TIME SHUTTLE 
ASTRONAUT ADVISES 
THE PRESIDENT ON 
HOW TO LEAD IN SPACE. 




A BOLDER NASA 



> BY TOM JONES 

> III. I! STRATION H Y DON'T W A K F M F. U P 



ear Mr. President: 

En route to the first lunar landing 40 years ago, 
Apollo ll's astronauts altered their course with 
a 3-second rocket burn that fine-tuned their 
aim to a point 69 miles above the moon. With 
your 201 budget plan, you gave NASA a course 
correction, lifting the agency's funding 9 per- 
cent to SIB. 7 billion. Your stimulus act added 
an additional SI billion. That combined 
amount — just 0.5 percent of all federal spend- 
ing — may seem trivial amid the hundreds of 
billions earmarked to boost the economy. But 
your funding decisions will make or break 
America's status as the world leader in space. 

You set NASA's agenda each year by propos- 
ing its goals and budget; it's up to Congress to 
approve or modify those directives and the job 
of the agency's administrator to carry them out. 
NASA is currendy wrestling with a constellation 
of major challenges. Here are the moves you 




should make to keep the 
U.S. space program on the 
right trajectory. 

First, Mr. President, 
resist shortsighted politi- 
cal pressure to delay the 
shuttle's retirement. You 
approved the Bush admin- 
istration's plan to decom- 
mission the shuttle by 
2010 and replace it with 
Orion, the first new Ameri- 
can spaceship to be built 
in more than 30 years, but 
many will pressure you to 
keep the shuttle flying. 

That would be politi- 
cally expedient but coun- 
terproductive. The aging 
shuttle first flew nearly 30 
years ago, and although 
two fatal accidents led to 
design improvements, it 
is still a temperamental and risky 
vehicle. Cracks in three hydrogen- 
control valves delayed last winter's 
Discovery launch by more than a 
month. Tremendously versatile, the 
shuttle is also fragile, and every 
astronaut crew knows the risk: Any 
serious launch or entry failure will 
likely be catastrophic. The Russians, 
whose space future is heavily tied to 
the continued operation of the Inter- 
national Space Station (ISS), will 
find it in their interests to keep 
Soyuz capsules available to Ameri- 
can astronauts until Orion finally 
takes flight in 2015. 

Yes, we will miss the shuttle, but 
its operation costs more than S3 bil- 
lion a year. Money freed by its retire- 
ment should go directly to field the 



38 JUNE 2009 I POPULARMECHANlCS.COM 



**. 



— 



"I never thought I ^ 
it could happen 1 £J£ 
to me. wy 

A heart attack at 53." ^ 



~StevcA. 

New York, NY 
Heart attack: 1/9/ 
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"I had been feeling line. But turns out my cholesterol and other risk 

Factors* increased my chance of a heart attack. Now I trust my heart to Lipitor. 

Talk to your doctor about your risk and about Lipitor." 

• Adding Lipitor may help, when diet and exercise are not enough. Unlike some other 
cholesterol-lowering medications, I.ipitor is FDA-approved to reduce the risk of heart 
attack and stroke in patients with several common risk factors, including family history, 
high hlood pressure, low good cholesterol, age and smoking. 

• I.ipitor has heen extensively studied with over Id years of research. And I.ipitor is 
hacked by 400 ongoing or completed clinical studies. 

•patient's risk (actors include age, gender, smoking, and high hlood pressure. 



IMPORTANT 1M( iKMATK )N: LIPITOR is a prescription 
drug, Ii is used iii patients with multiple risk factors lor 
In .11 1 disease such as family histoi y, high blood pressure, 
age, low 1 101 ('good 1 cholesterol) or smoking to redua 
[In risk "I In. ii i attack, stroke and > ertain kinds ofheart 

surgeries. VV I hi i diet and exert iSC alone .in- QOt enough, 
I 1 1 'II 'OR is used along with a low Cat dlel and even isr 
in lower i bolesterol. 

I ll'l K )l< is not lur eservone. It is not lor those i\ ith 
li\er problems, And it is not lor women w ho .ire QUXSing, 

pregnant or may bei om< pregnant If you take I ll'ITOR, 
tell your doctor il you reel anj new musde pain or weakness, 
This could be a sign of rare hut serious muscle side 
effects, lil I your doctor about all medications you 



take. This may help avoid serious druij interactions. 
Your doctor should do blood tests to check your liver 
function before and during treatment and may adjust 
your dose. The most common side effects j.i\- 
constipation, stomach pain and heartburn. They tend 
to In- mild and often go away 

UPFTOR is one of man} i bolesterol lowering treatment 

options that you and \our doc tor Cat) I on sick i 
Please see additional important Information on next Page. 
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atorvastatin calcium 
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V 1 1^< a lien t to heart with VOUT doc tor .i I mi it your risk. And about I ipitor. 

Call 1-888-LIPITOR (1-888-547-4867) or visit www.lipitor.com/stevc 

)ou an encouraged to report neifjti\ t tide effects of prescription drugs n i the / Q I . 
Visit wwwfia.gov/mBhodioToaU 1 800-F1M-1088. 
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IMPORTANT FACTS 
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atorvastatln calcium 



(UP-ih-tore) 
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LOWERING YOUR HIGH CHOLESTEROL 

High cholesterol is more than just a number, it's a risk factor 
that should not be ignored. II" your doctor said you have high 
cholesterol, you may be at an increased risk for heart attack. 
Hut the gotxl news is. you can take steps to lower your 
cholesterol, 

With the help of your doctor and a cholesterol-lowering 
medicine like LIPITOR, along with diet and exercise, you could 
lie on your way to lowering your cholesterol. 

Ready to Stall eating right and exercising more'' Talk 10 your 
doctor and visit the American Heart Association at 
www.americanhean.org. 



WHO IS LIPITOR FOR? 

Who can take LIPITOR: 

• People who cannot lower their cholesterol enough svith diet 
and exercise 

• Adults and children over 10 

Who should NOT take LIPITOR: 

• Women who are pregnant, may be pregnant, or may become 
pregnant. LIPITOR may harm your unborn baby. If you be- 
come pregnant, slop LIPITOR and call your dix:lor right away. 

• Women who are breast-feeding. LIPITOR can pass into your 
breast milk and muy harm your baby. 

• People with liver problems 

• People allergic to anything in LIPITOR 



BEFORE YOU START LIPITOR 

Tell your doctor; 

• About all medications you take, including prescriptions, 
over-the-counter medications, vitamins, and herbal 
supplements 

• II you have muscle aches or weakness 

• If you drink more than 2 alcoholic drinks a day 

• If you have diabetes or kidney problems 

• If you have a thyroid problem 



POSSIBLE SIDE EFFECTS OF LIPITOR 

Serious side effects in a small number of people: 

• Muscle problems that can lead to kidney problems, including 
kidney failure. Your chance for muscle problems is higher if 
you take certain other medicines with LIPITOR. 

• Liver problems. Your doctor may do blood tests to check 
your liver before you start LIPITOR and while you arc 
taking it. 

Symptoms of muscle or liver problems include: 

• Unexplained muscle weakness or pain, especially if you have 
a fever or feel very tired 

• Nausea, vomiting, or stomach pain 

• Rrown or dark -colored urine 

• Feeling more tired than usual 

• Your skin and the whites of your eyes turn yellow 

If you have these symptoms, call your doctor right away. 
The most common side effects of LIPITOR are: 
•Headache •Constipulion 

• Diarrhea, gas • Upset stomach and stomach pain 

• Rash • Muscle and joint pain 

Side effects arc usually mild and may go away by themselves, 
fewer than 3 people out of 100 Stopped taking LIPITOR 
because of side effects. 



HOW TO TAKE LIPITOR 

Do: 

• Take LIPITOR as prescribed by your doctor. 

• Try to eat head-healthy foods while you take LfPrfOR. 

• Take LIPITOR at any lime of day, with or without food. 

• If you miss a dose, take it as soon as you remember. But 
if it has been more Hum 1 2 hours since your missed dose, 
wail. Take the next dose at your regular time. 

Don't: 

• Do not change or stop your dose before talking to your doctor. 
•Do not start new medicines before talking to your doctor. 

• IXi mil give your LIPITOR to oilier people. It may harm ihcm 
even it you problems are the same. 

• Do not break the tablet. 



ABOUT LIPITOR 

LIPITOR is a prescription medicine. Along with diet and 
exercise, it lowers "bad" cholesterol in your blood. It can also 
raise "good" cholesterol (HDL-C). 

LIPITOR can lower the risk of heart attack oi stroke in patients 
win i have risk factors for heart disease such as: 

• itge. smoking, high bkxul pressure, low HDL-C, hean 
disease in the family, or 

• diabetes with risk factor such as eye problems. 
kidney problems, smoking, or high blood pressure 
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Miiiiul.ielurcd In l'11/ci behind I'hannaccuiiculs. Dublin. lieland 
2005 Pftoa Ireland Pharmaceuticals All rights reserved. 
Printed in the USA. 



NEED MORE INFORMATION? 

• Ask your doctor or health care provider. 

• Talk to your pharmacist. 

• Go to www.Iipitor.com or call 1-888-LIPITOR. 



Uninsured'.' Need help paying lor IMi/cr 
medicines? Pfizer has programs that 
can help. Call 1-866-706-2400 or visit 
www.Pri7.erHclpfulAnswcrs.eoin. 



fielpful 
answers 



Distributed by Parkc-Duvis. Division ol I'li/er lne. 
New Yak, N> mm 7 USA 
LNFIta 2, Dec 2003 
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SPACE EXPLORATION/// 
A BOLDER NASA 



safer and more efficient Orion. With 
its sturdy, compact structure, robust 
heat shield and launch-abort system, 
Orion offers future crews a tenfold 
increase in safety. Most important, 
Orion can take us beyond low Earth 
orbit into deep space — somewhere 
the veteran shuttle can never go. 

Nearing completion after a 
decade of construction, the ISS will 
be our only foothold in space until 
Orion makes its debut. Yet tight 
NASA budgets have starved the sta- 
tion of the vigorous scientific activi- 
ties it was built to conduct. Let's get 
some payback for the many billions 
we have invested. Tell Russia, 
Europe, Japan and our other part- 
ners we will continue to use the sta- 
tion until at least 2020, and make the 
science investments that will keep 
its three big laboratories humming. 

Research aboard the ISS, for 
example, has revealed a genetic 
"master switch" in salmonella bacte- 
ria that controls the microbe's capac- 
ity for infection. The discovery 
should help scientists design an 
effective vaccine for this dangerous 
germ; future research could lead 
to groundbreaking new treatments 
to combat infectious disease and 
improve our quality of life on Earth. 

On one of its last flights to the ISS, 
the shuttle will deliver the Alpha 
Magnetic Spectrometer, designed to 
search for rare antimatter and to 
study the universe's mysterious dark 
matter. The station is also the perfect 
place to tiy out promising space tech- 
nologies: spacesuits, life-support 
systems and radiation-protection 
techniques essential for voyages into 
deep space. Texas-based Ad Astra 
Rocket Co. will soon use the ISS to 
test its high-efficiency plasma rocket 
engine, a potential game changer for 
Mars exploration. Budget bureau- 
crats in the previous administration 
undermined the station; its produc- 
tive future is in your hands. 

Direct NASA to follow through 
with plans for using private industry 
to ship cargo to the space station. 



Money saved through competitive 
bidding for those cargo services can 
then be spent on exploration. Get- 
ting U.S. firms off the launchpad is 
also the quickest way to eliminate 
our looming reliance on Russian 
rockets for cargo and crew transport 
to the ISS. If private cargo services 
are reliable and affordable, NASA 
may also contract for commercial 
spacecraft to give astronauts an eco- 
nomical lift to the space station. 

Mr. President, your budget 
endorses NASA's return to the moon; 



journey there, but leave no doubt 
that Americans will lead the way. 

Send our explorers not just to the 
moon, but far beyond. Orion mis- 
sions to nearby asteroids would reap 
new scientific discoveries, tap valu- 
able space resources, gain knowl- 
edge to guard against a cosmic 
impact and inspire us with views of a 
breathta kingly distant Earth. 

Use your bully pulpit to explain 
why space exploration will continue 
to be an American trademark. Tell 
the public that space is not just about 



MR. PRESIDENT, YOUR BUDGET ENDORSES NASA'S 
RETURN TO THE MOON; SO DO LAWMAKERS. NOW 
DELIVER THE SUSTAINED FUNDING TO GET US THERE 
LEAVE NO DOUBT AMERICANS WILL LEAD THE WAY. 



science — it's about exploring for 
resources and energy, creating new 
industries and finding economic 
opportunity. You should drive home 
the message that investment in space 
technology will keep our scientists 
and engineers keen and capable. 

Generations of Americans found 
prosperity and forged our nation's 
future on the frontier. Look ouryoung 
people in the eye and tell them that 
we need explorers — doers — who are 
citizens of the most forward-looking 
nation on Earth. Tell them America is 
signing up a world-beating corps of 
talented scientists and engineers and 
turning them loose to explore the 
moon, the asteroids and the solar sys- 
tem. That same team can conquer 
terrestrial challenges in energy, 
defense, environmental protection 
and high-tech competition. 

Mr. President, reignite the excite- 
ment generated by Apollo 1 i and the 
epic voyages that followed. Launch 
our future explorers to prove them- 
selves at the frontiers of space. PM 




On a February 2001 mission to the 
International Space Station, the author 
connects power cables to a new lab. 



so do lawmakers. Now deliver the 
sustained funding to get us there, a 
commitment the previous adminis- 
tration and Congress failed to live up 
to. China, India and other competi- 
tors recognize the economic and 
technological rewards of spaceflight. 
They are rapidly catching up to us in 
low Earth orbit and make no secret 
that the moon is their target. We 
should welcome partners on our 



Tom Jones, shuttle astronaut, plane- 
tary scientist and member of the PM 
Editorial Board of Advisers, explores 
the solar system with co-author Ellen 
Stofan in Planetology: Unlocking the 
Secrets of the Solar System. 
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REBUILDING AMERICA 
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BEYOND THE BUZZWORDS 

> BY DAVIN COBURN 

> PHOTOIiRAPH II Y I' H R I STII PH F R GRIFFITH 



or years, anyone driving through 
Grapevine, Texas, just north of 
Dallas/Fort Worth International Air- 
port, has needed patience — and a 
knack for navigating the maze of 
underpasses and off-speed merging 
lanes that make up the city's notori- 
ous "Grapevine funnel." That may 
change over the next five years, with 
an influx of funding provided by the 
S787.2 billion American Recovery 
and Reinvestment Act (ARRA), which 
sets aside up to SI 35 billion for infra- 
structure projects. 

In addition to roads arid bridges, 
initiatives such as smart electric 
grids and high-speed rail received 
funding — along with attention from 
politicians and pundits quick to 
seize on a new set of buzzwords. 
There's just one problem: While the 
law was designed to provide immedi- 
ate stimulus to the economy, only a 
portion of the infrastructure pot tar- 
gets areas where money can be dis- 
persed both quickly and wisely. The 
risk of wasteful spending and missed 
opportunities seems great. But so 
does the potential to address real 
infrastructure challenges — and we 
know where to begin. Here are five of 
the most critical issues addressed by 
the legislation, and what PM thinks 
should be done with the money. 



SMART ELECTRIC GRID 



-» The smart grid has become a 
favorite talking point for policy- 
makers. Since 2005, a number of test 
projects have shown how better sen- 
sors, communication devices and 







THE STIMULUS ACT SETS 

ASIDE BILLIONS FOR 

INFRASTRUCTURE 

PROJECTS. NOW WHAT? 
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Control systems eventually could 
moke power generation, transmis- 
sion and usage more efficient and 
reliable. Ultimately, the smart grid 
may prevent disruptions like the one 
that left 50 million residents of the 
Northeast without power in 2003. 

Where to start? Promising grid 
upgrades are already underway in 
Boulder, Colo., and Austin, Texas. 
But before expanding such pro- 
grams, we should give the National 
Institute of Standards and Technol- 
ogy the time it needs to untangle an 
emerging Gordian knot of overlap- 
ping technologies. (The ARRA pro- 
vides funding for this effort.) "There 
are about 200 different standards 
that apply to the technology in the 
smart grid, and another 60 or 70 that 
apply to smarter appliances," says 
Kurt Yeager, executive director of 
the Galvin Electricity Initiative. "If 
die socket in the wall only matches 
one manufacturer's appliance, 
that's not going to work." 



devoted to data collection might do 
more good than a dozen pricier 
water projects that lead to ribbon- 
cutting ceremonies. 
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-> Droughts and population growth 
have left 36 states facing potential 
drinking-water shortages within the 
next five years. Copingwith the crisis 
may require everything from higher 
water rates to more gray-water recy- 
cling. Some measures will be con- 
troversial, but plugging leaks 
shouldn't be — and billions of gal- 
lons of water leak from faulty 
municipal pipes each day. 

Where to start? The first step 
in reining in the waste is to figure out 
exactly where leaks are likely to 
occur, and with what severity. "If 
there's a pothole in a road, you see it, 
you complain," VirginiaTech profes- 
sor Sunil Sinha says. "The challenge 
here is no one complains because 
you can't see the problem." 

Last year, Sinha spearheaded a 
project with the Environmental Pro- 
tection Agency to create a national 
database of water systems, with 
interactive maps and tools for pre- 
dicting failures. Utility companies in 
17 major cities are cooperating, but 
many smaller utilities can't afford to 
participate. Currently, S10 million 
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■» Americans spend hundreds of mil- 
lions of hours each year waiting for 
delayed flights, and 4.2 billion hours 
a year stuck in traffic. A partial 
answer that has been trumpeted for 
decades is a network of bullet trains 
like those in Europe and Japan, 
which zip along at 1 80 mph or more. 
Where to start? There's just 
one problem with Euro-style bullet 
trains: They require new track, and 
building even a small regional sys- 
tem would cost many times the S8 
billion set aside in the legislation. 
The realistic alternative is to upgrade 
existing lines for low-level high- 



Where to start? Some of the 
first highway projects funded under 
the AKKA were "pavement rehabili- 
tation" in New Hampshire and road- 
way resurfacing in Maryland. Such 
maintenance is important, but it: 
won't improve transportation over 
the long haul. A better model is sup- 
plied by the Texas Department of 
Transportation, which is ready to go 
with a number of meaningful proj- 
ects that have been planned for 
years, notably a new 16-mile route 
through Grapevine. The roadways 
promise to reduce congestion, bene- 
fiting the local economy while reduc- 
ing pollution and delays. 
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UP TO S150 MILLION 



<* Last year, nearly one in four U.S. 
flights was delayed. The Federal Avia- 
tion Administration anticipates 



THERE'S JUST ONE PROBLEM WITH EURO-STYLE 

BULLET TRAINS: EVEN A SMALL SYSTEM WOULD COST 

MANY TIMES THE $8 BILLION SET ASIDE IN THE ACT. 



speed rail, with trains that run at 110 
mph. A good candidate for such an 
upgrade is the Midwest Regional Rail 
System, which could link nine states 
and most of the Midwest's popula- 
tion centers. Higher-speed trains 
would cut travel time from Chicago 
to St. Louis or Detroit, providing a 
viable alternative to driving and 
reducing pressure on the over- 
crowded O'Hare International Air- 
port. The estimated cost, conven- 
iently, is S8 billion. 



ROAD5 AND BRIDGES 
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■» A new study by the American Soci- 
ety of Civil Engineers estimates that 
one-third of major U.S. roads are in 
poor or mediocre condition, and 26 
percent of the nation's bridges are 
either structurally deficient or func- 
tionally obsolete. The situation is 
nearly unchanged since the ASCE 
released its previous report, in 2005. 



increasing air travel — and a painfully 
slow update of the creaky air traffic 
control system that exacerbates 
delays. Implementing NextGen, an 
overhaul that will include new radar 
and cockpit technology, could cost 
S35 billion through 2025. The ARRA 
missed an opportunity by providing 
only SI 50 million for the initiative. 

Where to start? NextGen 
already is improving operations at 
major airports in Adanta, Dallas and 
Phoenix. According to the AirTrans- 
port Association of America, six 
major components of the system — 
from updated satellite technology to 
display upgrades — are ready to go. 
This is one instance where Congress 
should allocate more money. Next- 
Gen isn't vaporware. It's real technol- 
ogy that the country needs now. pm 

□ ON THE WEB > Access PM's 
extensive reporting on infrastruc- 
ture at popularmechanics 
.com/rebuilding. 
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HARBOR FREIGHT TOOLS 

Quality Tools at the LOWEST Prices 



WHY PAY MORE? 

Our team of tool professionals buy factory 
direct, saving you money at a time when you 
need it most! We have slashed our prices 
with SUPER COUPON SAVINGS! w 



II you don't see it here, come to one of our 
330 STORES NATIONWIDE and use this 

15% OFF Coupon 

on any of our 7.000 products. 



NOBODY BEATS OUR f 
QUALITY, SERVICE AND PRICE 

Compressors, jacks, welding, generators, 
air, hand and power tools and more! 



WHY WE HAVE 10 MILLION SATISFIED CUSTOMERS: 



We Buy Factory Direct and Pass the SAVINGS on to YOU! 

Shop & Compare Our Quality Brands Against Other National Brands 

7000 Tool Items In-Stock! 

NO HASSLE RETURN POLICY 

Family Owned & Operated 



LIFETIME WARRANTY 

ON ALL HAND TOOLS! 
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See Hait»rFrelghtusa.conVPopniechanic for additional SUPER COUPONS 



7 FUNCTION DIGITAL 

MULTIMETER 

L0TN0.90899/9B025 

CEN-TECH 




SAVE 

75% 

$-|99 

REG. PRICE $7.99 



HAWlQM I Ml K,M1 IUQ15 LIMM 1 

Iht if vulunhla coupon* in only good whan pteiinlafl it yow iwtwl 

HwkDf FntgM Toali Koro (Worlndi 11/12/M. 

I CowonmiminRatillllorf Onlf Cnup*««olyill«o"Bnorio«hB«M Coupe* uanol bo bo«|hl 

' sow 0) Innilorml Ilili ciiupcn iinwl In duiiWatnil In any asinnti Including phrtKavln 

and coaaputti printouts Odgtnil toupon mini lis pnuMad In niflir Id tiwlin M dittownl 



3 PIECE TITANIUM NITRIDE 
COATED M2 HIGH SPEED STEEL 

STEP DRILLS 

nnin LOT NO. 

DRILL 91616 

MASTER 
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CHICAGO 

mSDHPower Tools 

80 PIECE 

• ROTARY TOOL SET 

I LOT NO. 97626 

• SAVE llll II II II II 
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REG. PRICE 

$19.99 
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LOT NO. 42292 AUTOMATIC 

BATTERY FLOAT 
CHARGER, 

CHICAGO , 
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REG. 
PRICE __.._' 

*" SAVE 




LOT NO 4095 



VARIABLE SPEED 

RECIPROCATING SAW 






:% ] $1999 



REG PRICE $39.99 
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16 VOLT CORDLESS 



DRILL AND »»38i 
FLASHLIGHT KIT 



SAVE 

46% 
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If You Buy Tools Anywhere Else You're Throwing Your Money Away! 



•amam - „ ...*.„.„.»■ TO FIND THE STORE NEAREST YOU CHECK: 

330 STORES NATIONWIDE 1 -800-657-8001 

or HarborFreightusa.com/Popmechanic 




Eco Muscle 



PART II 




J- d last month's issue, we dramatically increased the 
performance of a 2009 Dodge Challenger. To raise 
engine output from 370 hp to over 500 hp. we added ZF.X 
nitrous injection, a high-flow induction system, Pulstar 
Pulse plugs, headers, free flow exhaust, low-restriction 
Wix filters and Mobil 1 Extended Performance synthetic 
oil. We also purged the fuel system using Gumout Regane, 
replaced the stock battery with a more efficient Exide 
Premium 60 battery and reprogrammed the ECU using a 
Diablo Predator Flash Tuner. 

To handle the extra power we added a Richmond 
3.55:1 ring and pinion, Quaife limited-slip differential, 
Pedders aftermarket racing-style suspension system, 
Razors Edge shock tower brace, Bilstein gas-pressurized 
shock absorbers, Brembo GT disc brakes and wide, ultra- 
performance Michelin Pilot Sport PS2 tires on 20-in. 
Avarus AV5 rims. 

To help the power-to-weight ratio of our two-ton 
muscle car, we replaced the hood and decklid with 
lightweight carbon fiber parts from Seibon Carbon, plus 
removed a lot of heavy and extraneous OEM covers and 
trim pieces. We replaced some OE Dodge pails with ones 
from Rockauto.com, and researched our project every 
step of the way through a variety of Haynes manuals. 



EC0+ 

Having successfully built our Challenger into a fun-to- 
drive American muscle car, this month we're adding the 
"Eco" portion to our project. As far as we know, nobody 
has ever tried to build a hybrid muscle car like this before. 
We're truly breaking new ground with Eco+Muscle. 

PARALLEL POWER 

Unlike most hybrid cars that blend the power from a 
small gas engine and a small electric motor to achieve 
acceptable performance, Eco+Muscle now has two 
separate parallel powertrains, gas and electric, each one 
independently capable of driving the car. 

The idea is simple. On the highway, where safe 
passing and long-distance capability are important, our 
Challenger runs solely as a high-performance muscle car. 
In the city, at lower speeds, our Challenger is an ultra-low 
emissions electric that delivers full torque from rest. It's 
the best of both worlds. 

UQM ELECTRIC 

We started by contacting the electric car experts at 
Evolve-It Motors. They suggested we use a Power Phase 
125 System made by UQM Technologies. Inc. The heart 



FAST AND FRUGAL 

Dodge's MDS VCT cylinder deactivation software allows 
our modified Challenger to still return 25 mpg at highway 
speeds which is spectacular for a car this heavy and this 
quick. All our modifications have not only increased 
performance, but efficiency, too. 

How quick is quick? It now runs to 60 in 3.95 seconds 
and the quarter-mile in 12.4 seconds at 114 mph, yet stops 
shorter than most lightweight sports cars and circles the 
skidpad at 1.2 G. That's on street-legal Michelins! 




The BEST just pot BETTER! 
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NXT Generation® Tech Wax 9 2.0 

• The Next Generation in Car Wax Technology. Sets a new standard tor 
deep, vibrant color and crystal clear retlections 

• Hydrophobic Polymer Technology delivers relentless water 
beading & protection...wash after wash! 

Join the community of car guys at CAR\J£<{%jY central. com for news, entertainment and events. For questions about how to 
make your car show-car perfect, go to meguiars.com. For immediate advice call 800-347-5700 (Mon.-Sat.). 





of this system is an SR218 liquid-cooled, brushless DC 

electric motor. 
UQM's motor is amazing. A mysteriously monolithic 

cylinder less than 9-in. long and 11-in. in diameter, it 

weighs just 89 lbs. but produces 125 hp and 176 lb-ft of 

torque while revving 
smoothly to 8000 rpm. 

Like all electric 
motors, 100 percent 
of the available 
torque is developed 
from zero rpm, as 
opposed to the typical 
internal combustion 
engine that slowly 
develops torque as 
the revs increase. 
This little electric 
motor is comparable 
in performance to a 
typical V6 rated at 
250 hp. 

Along with the 
motor, UQM supplied 
a DD45-500LWB 
liquid-cooled 
inverter/controller 
that contains a 
programmable digital 
signal processor. The 
inverter/controller 
draws power from the 
batten,' pack and feeds 
it into the motor, then 
controls the charge 



KICKER 

Stillwater Designs assembled its 
first sound system in 1 973 and 
the world's first automotive full- 
range speaker box in 1980. This 
was called "Kicker" because it fit 
behind the seats of a pickup truck 
and when you turned the volume 
up, felt like a kick in the pants' 

Today, under the Kicker, Solo- 
Baric, SoundGate and Warhorse 
names, Stillwater Designs 
supplies high-end home, car and 
marine entertainment systems, as 
well as a plethora of electronic 
accessories. 

Kicker's massive subwoofers 
have a unique square cone with 
more surface area than a round 
cone of the same size. Nobody 
builds more powerful systems 
than Kicker 1 

LEARN MORE AT KICKER.COM 




returning to the 
batteries during 
regenerative braking. 

BATTERY POWER 

We turned to Exide, 

which has been making 

batteries for electric 

vehicles for 120 years. 

Exide engineers 

recommended their 

ORB34DC-36 Select 

Orbital Marine Deep 

Cycle as the best 

compromise between 

weight, price and 

performance. This battery is rated at 750 CCA and 925 

CA-sufficient for our use. 

Exide's innovative cylindrically-wound orbital design 
uses ultra-thin lead plates sandwiched with absorbent 
glass mats. The result is a safe, sealed, leak-proof power 
source that can be mounted in any position and needn't 
be vented. It also weighs significantly less than a 
conventional lead-acid battery. 

In the near future, new batten' technologies will allow 
electric vehicles to use smaller and lighter batteries such 
as lithium-ion. 

TWENTY-EIGHT BATTERIES 

UQM's motor requires at least 250 volts to operate, 300 
to 425 volts to run properly. We can pack 336 volts into 
a surprisingly compact battery pack of 28 Exide Select 
Orbitals connected in series. 

In other words, not only do we have to find room for 
our electric motor, controller and cooling system, but 28 




Mobil 1 Advanced Fuel Economy into yoi 
250 more miles a year out of it. 
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Increase your car's fuel efficiency with Mobil 1 Advanced Fuel Economy. This advanced new 
motor oil can actually help give you 9 more miles on every tank of gas - or up to 250 miles a year. 
In today's economy, that's a bargain. And all with the performance and protection you've come 
to expect from Mobil 1 . Look for it at your auto parts store today, or visit mobil1.com for details. 



Official Motor Oil of 



Mobil D 



Estimated savings based on a comparison versus those grades most commonly used Actual savings ate dependent 
upon vehicle/engine type, oulslde temperature, driving conditions, and your current engine oil viscosity 




batteries. To minimize electrical transmission losses, all 
these components need to be mounted as close to one 

another as possible 
and connected with 
the shortest possible 
wires. To preserve 
handling, the mass 
needs to be evenly 
distributed side-to- 
side and concentrated 
within the wheelbase 
for the lowest polar 
moment of inertia for 
optimal handling. 




EXIDE 

The company that is now Exide 
started in 1 888 as the Electric 
Slorage Battery Company and in 
1 890 provided batteries (or the 
world's firs! electric streetcars. 
By 1900, lightweight "Excellent 
Oxide" or Exide batteries powered 
thousands of electric taxicabs in 
cities around the world. 

Over the next century. Exide 
batteries went everywhere from 
Antarctica with Commander Byrd 
lo the International Space Station 
with the NASA Space Shuttle. 
In 1 999. Chairman Bob Lutz 
launched the cylindrically-wound 
Exide Orbital battery, the first 
innovation in battery technology in 
decades. 

Today. Exide makes batteries 
lor virtually every vehicle in or out 
of this world. 

LEARN MORE AT EXIDE.COM 



PACKAGING 
What we have here is 
a packaging problem. 
There is only one 
possible solution; 
Eco+Muscle has to 
be a two-passenger 
car with a back seat 
area full of batteries. 
Conveniently, the 
Challenger has an 
independent rear 
suspension, which 
means the driveshaft 
from the transmission 
to the solidly-mounted 
differential does not 
have to move up and 
down as it would with 
a live rear axle. 




Even more 
conveniently, the 
Challenger uses a two 
piece driveshaft with 
a fixed support in the 
middle. It was logical 
that we could replace 
the rear driveshaft 
with the electric 
motor, using custom- 
machined adapters to 
splice the motor shaft 
into the sectioned driveshaft. 

The Challenger has a gas tank that lives under the 
rear floor area and cradles the driveshaft like a cowboy's 
saddlebags. Obviously, the stock gas tank had to go. 

FUEL CELL 

The Challenger has a spare tire well under the trunk floor, 
but comes with a sound absorbing block of foam rather 
than a spare tire. Remove the foam, and an ATL STJ115 
Super Cell 15 gallon fuel cell fits perfectly with just a little 
trimming of the wheel well. The fuel cell requires an 
external fuel pump, which we sourced from Aeromotive. 

CUT UUT THE FLOOR, THROW AWAY THE BACK SEATS 
To mount the electric motor, we had to cut out the 
floor in the back seat area, then fabricate and weld in a 
new floor a few inches higher. The UQM motor bolts 
to a massive mounting plate we machined from 0.75-in. 
aluminum. This, in turn, bolts to mounting tabs welded to 
the frame rails. 

With the rear seats removed, we had to fabricate a 
firewall to cover the passageway from the trunk to the 
interior, safely separating the fuel cell from the battery 
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NOW, 

WITH THE WORLD'S 
FIRST ECO-FRIENDLY 
SPARK PLUG 
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Actually, it's called a pulse plug — here's why its technology should be in your engine. 



Until now, every gallon of gas you bought was ignited by a 
simple spark plug — an outmoded technology that has barely 
changed in 100 years. But now you can change to a new 
eco-friendly pulse plug that uses an advanced technology to 
make every drop of gas burn better and cleaner. 

This new technology — with its eight patents — is based on 
plasma research supported by the world famous Sandia 
National Laboratories — and yes, that's definitely rocket science. 



The result: the improved combustion efficiency burns fuel sooner 
and more effectively, which means better fuel mileage, less CO2 
based emissions, and better overall drivability. For example, here 
is the result of a recent, highly-controlled fuel consumption lab test: 

2007 Toyota Prius 



SPARK PLUG: 44.8 MPG 




See the difference in technology! compare the cross section of o 
typical spark plug above, with that of the new pulse plug below. 



PULSE PLUG: 49.2 MPG 
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Here's how it works: electrical energy from the engine's power 
coil is stored in the pulse plug's built-in capacitor. At the exact 
moment needed, that energy is released in an amazingly quick 
(two nanosecond), powerful, high-energy pulse. 



35 l? t» 

Test results: 

• 4.4 more MPG 

• Reduces CO2 by a quarter-ton annuolly 

Too good to be true? Stop wondering and try 
a set in your engine. With our 100% money- 
back guarantee* you have nothing to lose: 

• Satisfaction in 30 days or your money back 

• Pulse plugs last 50,000 miles and/or 4 years 

• Will not harm your engine or void its warranty 



100% 



Pulstar.com 1-866-699-8573 

The spark of genius • 

If you ore not 1 00% wtlif led within 30 days of purchoie, return 
them for a full refund. Vlilt our website for more Information, 

California Air Resource* Board (CAM) Certification D-622. Copyright © 200° tnerpulie Incorporated, oil rlptm reserved. 



FOR MOST CARS, TRUCKS & SUVS 

Available at: £g%%lg 
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pack. The firewall turned out to be a perfect spot to 
mount both the inverter/controller and the onboard 
plug-in battery charger, right above the UQM motor, right 
behind the batten' pack. 

COOLING SYSTEM 

The electric motor and inverter/controller are liquid- 
cooled. We purchased a Derale Low-Profile Electra- 
Cooler with electric fan that fits neatly in front of the 
stock V8 radiator and is plumbed back to the motor 
and inverter/controller with Acroquip -8 AN lines. 
As it worked out, we were able to route the cooling 
lines parallel to the Acroquip fuel lines connecting to 
the fuel cell. 

BATTERY PACK 

Remarkably, the 28 Exide Select Orbital batteries fit into 
a two-level rack just 4 feet wide by 2 feet long by 20-i n. 
high. We fabricated a sturdy rack from aluminum angle, 
solidly bolted to a frame cross-member and to the frame 
rails on either side. 

We fabricated covers for the front and top of the 
battery pack framing a clear polycarbonate panel so that 
curious bystanders can look into the back and see a sea of 
Exide batteries. We've even rigged up a few LED lights to 
illuminate the batteries when the car is on display. 

DUAL THROTTLES 

Because we have two completely separate parallel drive 
systems, we wanted to have two separate throttles as well. 
We've set things up so the Hemi V8 is controlled by the 
stock throttle pedal, while the electric motor is controlled 
by a hand throttle. Theoretically, a driver with excellent 
coordination could accelerate using both the V8 and 
electric motor at the same time, dumping insane amounts 




of torque into the 
differential. 

We found a to 5 
amp potentiometer 
equipped with a 
motorcycle-style twist 
grip. We got that idea 
from some off-road 
truck racers who steer 
with one hand and use 
a twist grip mounted 
on a stalk as a right- 
hand throttle. If it 

works in a race truck, we figure it might just work in the 
demanding conditions of city driving. 

E-METER 

The final piece of the electric drive system is a Xaiitrex 
Link Pro Batten' Monitor mounted in the dash. This 
keeps track of volts, amps, amp hours and operating time. 
A simple bar graph shows the state of charge. 

INTERIOR 

The stock Challenger bucket seats are just too large and 
heavy for this project. We bought a pair of Corbeau black 
bucket seats that are considerably more compact, much 
lighter and designed to hold you in place like racing seats. 

To brighten the Dark Slate interior, we reupholstered 
the Corbeau seating areas with Novatex Unisuede in 
Perforated Hot Rod Blue, then sprayed accent surfaces in 
the interior with Dupli-Color spray paints to match. 

KICKER 

Stillwater Designs, manufacturer of Kicker sound 
systems, now produces components custom-made for 



More miles. 

More fuel efficiency. 

More than what you pay for. 




There are a lot of reasons to choose the 
MICHELIrT HydroEdge 18 Tire. See for yourself: 



STOPPING 
DISTANCE 


LONGEVITY 


FUEL 
EFFICIENCY 


14' 

SHORTER' 


33,000 

MILES LONGER' 


#1 

IN CATEGORY' 






We all want more, especially in these times. Good thing the MICHELIN 
HydroEdge Tire has great fuel efficiency, and lasts longer' than its primary 
competitor and is backed with a 90,000 mile warranty. 4 And if that's not 
enough, the MICHELIN HydroEdge Tire stops up to a full car length shorter 
in wet weather." With a tire that gives you so much more, you have to ask 
yourself, why settle for less? 

Learn more at michelinman.com 
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virtually all Chrysler, Dodge and Jeep models. Called 
Mopar Performance Audio, these come in Stage 1, Stage 
2 or Stage 3 kits that replace or supplemenc the factory 

sound system. 

For example, the 
Kicker Stage 3 kit 
includes a Kicker 4.1 
channel amplifier 
upgrade that plugs 
into the dash next 
to the stock Dodge 
head unit. The front 
doors get 6x9-in. two- 
way speaker systems, 
while the package 
shelf gets a pair of 
6-in. round two-way 
speaker systems. 

Lastly, we installed 
a custom sound box 
that is specifically 
designed to fit the 
Challenger trunk and 
contains a 400-watt 
amplifier plus 
dual 10-in. square 
subwoofers. Best 
of all, the Kicker 
components come 
with the proper 
connectors and simply 
pop into the proper 
mounting holes. 
Installing Kicker's 



MEGUIAR'S 

"Car Crazy" radio and TV 
personality Barry Meguiar is 
the latest to run this family 
company since his grandfather 
started mixing furniture polish in 
grandma's kitchen in 1 901 . Over 
the years, Meguiar's has grown 
into a huge corporation, but has 
never lost lhat personal touch. 

Meguiar's newest line of 
automotive products is called 
NXT Generation, and includes 
Car Wash. Tech Wax 2.0. Spray 
Wax, Tech Protect, Insane Shine 
Tire Coating, Speed Detailer and 
Glass Cleaner. 

Meguiar's manufactures 
over 300 separate, cleaners 
and protectants for automotive, 
marine, aviation, industrial and 
home use. 

LEARN MORE AT MEGUIARS.COM 



Stage 3 Mopar Performance Audio was the single easiest 
task in this entire project. 

DUPLI-COLOR 

Dupli-Color makes a great variety of spray paints. In 
order to get a true color when painting over the charcoal 
plastic in the interior, we first used Dupli-Color Metalcast 
Ground Coat as a light-colored base. Depending on the 
surface, we went over that with Dupli-Color Vinyl and 
Fabric or Dupli-Color Metalcast in blue to match our 
Unisuede. 

PAINT SHOP 

Our Challenger came from the dealer painted Stone 
White. After we replaced the hood, top and decklid with 
carbon fiber, it looked cool but we wanted an exterior 
paint job that expressed the "eco" nature of our project 
while still retaining the "muscle." 

Dupli-Color designed a paint scheme combining green 
and blue that's perfect for our hybrid vehicle. Dupli-Color 
makes a ready-to-use lacquer system called Paint Shop 
that consists of primer, color coat and clear coat. There 
are straight paint colors available, but also metallic and 
candy apple colors. 

After scuff sanding the whole car, we painted 
everythingbut the carbon fiber with Paint Shop BSP100 
Primer, over which we used BSP201 Championship 
White. 

After masking everything but the sides, rear and lower 
front valence, we sprayed those areas with BSP306 Candy 
Basecoat Silver. This contains a lot of metallic silver 
particles to enhance the depth and shine of the color coat. 

Then we masked off a wide stripe down each side. 
Most of the car was painted with BSP204 Deep Blue, 










WHETHER YOU JUST FINISHED JUST STARTE 

OR ARE SMACK IN THE MIDDLI 

OF A RESTORATION PROJECT 



VISIT REST0RATI0NCHALLENGE.COM AND SIGN UP TO COMPETE IN A 

HEAD-TO-HEAD, SINGLE ELIMINATION 

BRACKET-STYLE, DIY SHOWDOWN FOR A CHANCE TO 

WIN $1 OK & A VIP TRIP TO VEGAS! 



DON'T HAVE A VEHICLE TO ENTER? THEN SIGN UP TO 
PARTICIPATE IN VOTING FOR THIS YEAR'S WINNER 
AND HAVE A SHOT AT WALKING AWAY WITH 
ADVANCE AUTO PARTS GIFT CARDS SO YOU CAN 
GEAR UP TO GET IN THE GAME NEXT YEAR! 



Advance 5£ 
Auto Parts >. 

Kup Ihi whuls turning 
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KNOW YOUR FUEL TREATMENT FACTS: 



Q: Which is the best fuel system treatment 
to maximize your fuel economy? 

Use a sharpened No. 2 pencil. Time limit 60 sec. Answer below. 



Da. 



Use Every 3,000 met 



CLEANS' 



GUMOUT REGANE : 

-10X the detergent 

-Cleans 6 of 6 fuel 
system parts 

- Remains effective 
for 10 fill-ups 



I 



4 
4 




Maximizes 
fuel Economy 





□ b. 




LUCAS FUEL TREATMENT: 

- 1/10th the detergent 

- Cleans 3 of 6 fuel 
system parts 

- Remains effective 
for 1 fill-up 




THE BETTER WAY TO MAXIMIZE FUEL ECONOMY. 
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which has a metallic component. Then we covered 
everything but the side stripes and sprayed BSP304 
Candy Apple Green over the silver basecoat. 

The green color coat is translucent and fades from a 
bright silvery green at the front to a deep green at the rear. 

This requires painting 
the whole green area 
with one coat, then 
progressively fading 
to four coats at the 
rear. 

Once the color had 
set, we sprayed the 
entire car, including 
the carbon fiber 
panels, with BSP300 
Clear Coat. Finally, 
we striped the breaks 
between each color 
area with a 0.12-in. 
gray metallic stripe. 
This once-stark white 
Challenger is now 
a dramatic custom 
with paint that'll grab 
attention at every 
corner. 

CARBON 
AERODYNAMICS 
To at least partially 
compensate for 
loading half-a-ton 
of batteries into the 
back seat area, we 



MICHELIN 

Edouard and Andre Michelin 
made their first tires in 1 889. In 
1 898, ihe Michelin Man, made 
from a stack of tires and named 
Bibendum ("Cheers!" in colloquial 
Latin) made his first appearance. 

Today, 1 1 years later, 
Bibendum is one of (he best- 
known corporate symbols on 
earth, and Michelin is a worldwide 
conglomerate making tires for 
not only every imaginable car and 
truck, but everything from bicycles 
to earthmovers, racing cars to 
airliners. 

Michelin has always been 
very green, among other things 
manufacturing Energy Saver 
tires and sponsoring the Michelin 
Green X Challenge. Michelin also 
produces its famous maps and 
Michelin guides. 

LEARN MORE AT MICHELIN.COM 
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decided to improve 
the aerodynamics and 
power-to-weight ratio of 
Eco+Muscle. At the front, 
we replaced the stock 
front fascia with a carbon 
version from Seibon 
Carbon. 

To finish out our 
carbon fiber theme, we 
replaced the small front 

fender flares, the stock black plastic rockers and the rear 
valence with carbon fiber, too. Seibon Carbon supplied 
a carbon fiber rear spoiler to match their carbon fiber 
decklii 

We obtained a genuine NASCAR carbon fiber front 
splitter and installed that in place of the stock black 
plastic spoiler. We're not sure whose "Car of Tomorrow" 
originally carried the splitter, but it was painted bright 
yellow and proudly exhibited "banking burns." 

DETAILS 

For improved aerodynamics, we removed the stock 
rearview mirrors and replaced them with a trio of 
"keyhole" video cameras from RV Cams. Each little 
camera is only 1-in. in diameter, but delivers a 120-degree 
wide angle image. We mounted one in the center of the 
rear spoiler pointing straight back and one at the leading 
edge of each side window, angled to give a clear view of 
traffic. The three cameras all feed to a 7-in. rectangular 
screen that shows the scene from all three simultaneously. 

FOEL AND PLOG 

The 2009 Challenger was deliberately designed to be 
reminiscent of Dodge's landmark 1970 Challenger, one 





WIX has the key to getting a new 2009 Dodge Challenger. 



Enter to win the WIX Filters 70th Anniversary Sweepstakes. 

To celebrate our 70th year of producing the best performing filter in the world, we're giving 
you a chance to win a new 2009 HEMI" Dodge Challenger RT Classic. After nearly a 35 year 
hiatus, the Dodge Challenger returns as the ultimate modern American Muscle coupe. 
And if you're the lucky winner, your entry will be selected at 
SEMA/APPEX in Las Vegas in November. To enter, see the 
WIX distributor nearest you or visit wixsweeps.com. 





WIX. WHERE IT COUNTS/ 
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NO PURCHASE NECESSARY Open to legal US resident* (except residents of Puerto Rico and other U.S territories and possessions), who have reached the age ot majority m their state ol 
residency (age IB, except 19 in AL and NE, 21 in MS) m of the starting date of the sweepstakes. Sweepstakes ends on 10/15/09 For complete details, see the Official Rules of Play at 
www.wtxsweopseom or at participating locations. Sweepstakes void where prohibited. Sponsor WIX Filtration Products. P.O Box 1967. Gastonia. NC 28055 Dodge and HEMI" are 
trade marks of Chrysler LLC Dodge Challenger and Its trade dress are used under license 6 Chrysler LLC 2009. 





of the most beautiful of all classic muscle cars. One of 
the design hallmarks of the original Challenger is a large, 

round, chrome fuel 
filler on the left rear 
fender. Naturally, 
Dodge designers 
included this on the 
contemporary version. 

We obtained an 
identical fuel filler 
and welded it into the 
fender on the right 
side. We recreated 
a new piece of trim 
reading "Plug" to 
match the "Fuel" 
on the other side. 
Why? Because our 
Challenger is now 
a hybrid with two 
power sources. You 
plug in the onboard 
charger using a cord 
that snakes out of the 
right side filler. 



DUPLI-COLOR 

Dupli-Color dales lo 1938, when 
Lieutenant Colonel Sigmund 
Edelstone started selling little 
bottles of touch-up paint equipped 
with a handy brush in the bottle 
cap, Seven decades later, Dupli- 
Color is a division of the world- 
famous paint company begun 
by Henry Sherwin and Edward 
Williams in 1 866. 

Sherwin-Williams markets a 
wide array of automotive paints, 
primers and coatings under the 
Dupli-Color name. Most Dupli- 
Color products. Irom adhesion 
promoter to wheel coating, are 
available in spray cans. 

There's also Dupli-Color Paint 
Shop, a professional-quality three- 
step lacquer system-primer, color, 
clear coat-available in pints. Paint 
Shop is what we used to paint our 
Challenger. 

LEARN MORE AT 
DUPU-COLOR.COM 



MEGUIAR'S 

When our project 
was finished, we 
cleaned the windows 
inside and out with 
Meguiar's NXT 
Generation Glass 
Cleaner, waxed the 
new Dupli-Color 




paint job with Tech Wax 
2.0 and cleaned up the 
Miehelin tires with Insane 
Shine Tire Coating. For 
photo shoots and car shows, 
we'll keep everything clean 
using microfiber towels 
and NXT Generation Speed 
Detailer. 

We've used Meguiar's 
products for decades 
on classics and project 
cars, and never been 
disappointed. The 
new NXT Generation 

synthetics are the best car care products yet. Examine our 
Challenger when it's on display and see if you don't agree. 

TOURING THE COUNTRY 

The world's first parallel hybrid/ solar/plug-in muscle car 
will be displayed at the NASCAR Pocono 500 race in June, 
the San Bernardino Route 66 Rendezvous in September 
and the Las Vegas SEMA Show in November. It really is 
a stunning vehicle, be sure to come visit us and gauge for 
yourself. 

HOW DOES IT DRIVE? 

So far, we've built a remarkable muscle car, then turned 
it into a hybrid that can be driven using just the electric 
motor. It won't accelerate to 60 mph in 4 seconds on 
battery power, but it will handily out- run city traffic and 
zip up to 100 mph. Driving reasonably, most commuters 
could handle a 40 mile daily round trip totally on battery 
power, then recharge the batten' pack overnight from a 
120-volt outlet, ready for tomorrow. 





KICKER Car Audio and Shelby 
Automobiles have been 
providing it (or many years. In 
2009 the two come together 
to give you maximum stereo 
performance in your Mustang. 



/ 




Now look for genuine KICKER 
upgrades for Ford Mustangs at 
Shelby Performance Parts 
dealers near you. 



Contact Shelby Automobiles at 
702.942.7325. or al www.shelbyaulos.com. 

For Dodge vehicle upgrades, go to 
www.mopar.com/performance/street 
lor a catalog and dealer near you. 
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Unlike a pure electric vehicle, 
if you do run out of batten- power, 
you can just start the Hemi, shift 
into Drive and motor on, spinning 
the electric motor in Regen mode 
and recharging the batteries as 
you go. It really is the best of both 
worlds, Eco+Muscle. 



IT'S NOT DONE 

A breakthrough project like this 
is never finished. At this point, 
we still need to have the Hemi 
V8 idling and the transmission in 
neutral when driving in electric 
mode, because the power steering, 
power brakes and transmission 
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YOU CAN WORK ON YOUR VEHICLE. 
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lubrication pump are dependent 
on the gas engine. 

Our next step is to figure out 
ways to drive these systems with 
electric motors. So honestly, at 
the moment, our fuel flow meter 
says we're getting about 99 
miles-per-gallon in electric mode. 
That's a huge improvement, but 
not the gas-free, pollution-free 
driving we're after 

We also want to incorporate an 
overdrive unit that will improve 
mileage with the Hemi yet 
improve acceleration with the 
electric motor. So far, we haven't 
been able to reprogram the 
Challenger ECU to accept such 
a dramatic change in the final 
drive ratio. 

To help keep the batteries 
charged, we bought a set of 
PowerFilm 15-volt, 100 ma 
flexible solar panels from 
Sundance Solar. Each polyester- 
encapsulated panel is 10x6 inches, 
but laid out end to end in two 
rows, they create subtle racing 
stripes down the center of our 
carbon fiber hood, top and trunk- 
lid. On a sunny day, our racing 
stripes recharge the battery at a 
rate of 2.5 amps. 

ONLINE 

On our website, you can see 
a variety of videos with more 
details of the different areas of 
our Eco+Muscle Challenger, plus 
see it in action running on both 
the Hemi and the UQM electric 
motor at the track and on public 
roads. You'll also be able to follow 
along on as we continue refining 
and improving the car. 

Our goal is to arrive at 
November's SEMA Show with 
a high-tech hybrid that not only 
looks good and shows a new 
direction for the auto industry, 
but that runs as seamlessly in 
electric mode as it does behind a 
muscular Hemi. i 
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Evolvelt Motors 

Electric Conversion Consultants 

Pedders suspension 

High-Performance Suspension System 

Seibon carbon 

OEM Style Carbon Fiber Hood and Trunk, 
Rear Spoiler, Front Grill, Canards 

TlreRack 

Avarus AV5 Wheels 

UQM Technologies, Inc. 

UQM Power Phase 125 System 



For more information not seen in the 
magazine, including: photos, video, 
additional projects, please checkout 

www.popularmechanics.com/ 
ecomuscle 
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INTRODUCING THE 
NEW WAHL LITHIUM 
ION GROOMER. 
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With up to THREE TIMES the run 

time, up to TWICE the torque 

a ONE-MINUTE quic' 

interchangeable heads give you 
the power to trim, shave and 
detail even the toughest beards. 
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TiRAORDINARY 

SYSTEM EVER-MADE! 
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HAVING TROUBLE WITH GIFTS IDEAS? 

We have you covered with these surefire items 
O F O U D E * hat y° u know wi " De appreciated this season. 




He was a hardworking farm boy. 

She was an Italian supermodel. 

He knew he would have just 
one chance to impress her. 



Rosetta Stone.The fastest and 
easiest way to learn ITALIAN 




Rosella Stone- brings you a complete language-learning solution, wherever you are: at home, in-the- 
car or on-the-go. You'll learn quickly and effectively, without translation or memorization. You'll discover 
our method, which keeps you excited to learn more and more. 

• You'll experience Dynamic Immersion- as you match real-world images to words spoken by native 
speakers so you'll find yourself engaged and learn your second language like you learned your tirsl 

• Our proprietary Speech Recognition Technology evaluates your speech and coaches you on more 
accurate pronunciation. You'll speak naturally. 

• Only Rosetta Stone has Adaptive Recall," that brings back malenal to help you where you need it most, 
for more effective progress. 

• And Rosetla Stone includes Audio Companion- so that you can lake the Rosetta Stone experience 
anywhere you use a CD or MP3 player 

Innovative software. Immersive method. Complete mobility. It's the total solution. 
Get Rosetta Stone The Fastest Way to Learn a Language. Guaranteed.' 



31 Languages Available 



SAVE 10%! 



100% GUARANTEED 

SIX-MONTH MONEY-BACK 

Level 1 Reg . $259 NOW $233 

Level 1&2 Re g. $ 4 19 NOW $377 

Level 1.28.3 R e g. $ 54 9 NOW $494 
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Call 

(877) 275-6598 



Online 

RosettaStone.com/pms069 



Use promotional code pms069 when ordering. 

Offer expires September 30, 2009 



RosettaStone ? 



£ 




About Un-circulated 

Condition 22K Gold 

Genuine Legal Tender 
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First 250 Orders Receive A FREE Mercury Dime 

Mercury Dimes arc one ol the most widely collected coins in U.S. history. Composed of 
90% pure silver and dating back to 1916 these coins are easily worth 10 times their lace 
value, and some dates sell for over a 1,000 times their face value. Mercury dimes are a great 
way to own pure silver and a highly sought after numismatic coin all in one. Don't miss 
your opportunity to own this piece of American History absolutely free with your order! 

Mercury Dimes also available in bags! 



Com specialists standing by 24 hours a day. 

Order Toil-Free 877-227-COIN 

(877-227-2646) ■ ?^ 
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The American Eagle Reserve. LLC 

4749 Twin City Highway. Suite 4IO 
Port Arthur. TX 77642 

WWW.AMERICANEAGLCRC5ERVE.COM 
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THE UNTOLD STORY OF APOLLO 11 


) 


It was the most famous step in human history. When Neil 
Armstrong's boot first touched lunar soil on July 20, 1969, the 
event was celebrated worldwide as a triumph for humankind. 
And yet the hazy television images broadcast from space 
failed to convey the true audacity-the enormous risks, the 
technological complexity, the intricate teamwork- of the 
mission that put two Americans on the moon. To mark the 40th 
anniversary of Apollo 11, Popular Mechanics set out to document 
the full and unvarnished story We interviewed more than three 
dozen flight controllers, engineers, scientists and astronauts, 
who described their roles from liftoff to splashdown. Here, the 
genuine drama of Apollo 11, in their own words. 


PM'S REPORTING TEAM INCLUDED JENNIFER BOGO, DAVIN COBURN, 
ADAM HADHAZY, JOE P. HASI.ER, F.RIKA CHECK HAYDEN, CI,ARA 
MOSKOW1TZ, DAVID NOLAND AND ELIZABETH SVOBODA. AN EXTENDED 
VERSION OF THIS ORAL HISTORY, ALONG WITH ARCHIVAL PHOTOGRAPHS 
AND AUDIO, IS AVAILABLE AT popularmechanics.com/apollo1 lturns40. 
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APOLLO II 



JULY 16, 1969-LAUNCH DAY 



- JoAnn Morgan, instrumentation controller, Apollo Launch 
Control, Kennedy Space Center: The pad at nightwas just glori- 
ous to sec with the whole vehicle bathed in these giant xenon 
lights. Because 1 got there before 3 am, it was near the very 
end of the propellant loading; there was a little venting of the 
liquid oxygen. It was just an enchanting sight to sec, and I 
had the most positive feeling that this launch was going to be 
successful from the minute I parked my car and walked up to 
the firingroom. 

Jay Barbree, correspondent, NBC News: I'd been feeding 
radio spots until about midnight, so I never went home — 
I slept out there on a cot at Press Site 39. 

William Lucas, director of program development, Marshall 
Space Flight Center.- 1 was very uptight. We knew that there 
were thousands of parts that had to work or else we'd be in 
real trouble. And we knew that once we gave the ignition sig- 
nal there was nothing more wc could do. It had to go. 

Buzz Aldrin, lunar module pilot, Apollo lis I was the last 
one in, so I was let off the elevator at a landingone stop below 
while [Neil Armstrong and Michael Collinsl were taken up to 
the capsule. I was standing on the edge of this swing arm 
looking out at this rocket, and the [ocean] waves coming in 
quite a bit lower, and the sun gradually coming up, and it was 
really a very lonely and yet private, peaceful moment before 
getting into that wondrous white machine that was going to 
propel us off into history — we hoped. 

Robert Sieck, spacecraft test and launch operations 
engineer, Kennedy Space Center: Since 1 was tile backup engi- 
neer, I was not out at the Cape. I could watch the launch with 
my wife and my 1 -year-old daughter. The highway was abso- 
lute gridlock, and the cars and trucks weren't trying to move. 
Everyone was there to watch history. The vendors were sold 
out of everything— no more T-shirts, caps, buttons or pins. 
People were pulling plugs of grass from the side of the road 
and stuffing them in zip-lock bags as souvenirs. 

Barbree: We're in the countdown, and I felt this little tap 
on my shoulder. I turned around and looked up and it was 
Jimmy Stewart and his wife, Gloria. And he said, "Is it all 
right if we watch from here?" And 1 said, "Mr. Stewart, you 
watch from whereveryou want to." 

: Morgan: It's quite a physical experience, an Apollo 
launch, because it's such a slow liftoff — and then the shock 
waves hit you. We could feel it happening in the firing room 
because we had these shutters and they would Hap back and 
forth, rattle, and the consoles would vibrate. 
; Lucas: The stack of die Saturn V weighed a little over 6 mil- 
lion pounds, so wc had about 7.5 million pounds of thrust at 
liftoff. When you sec it lift off it looks like it will never clear the 



tower. But as it bums away fuel, it gets faster— the weight at 
lift decreases, therefore it picks up speed. It ultimately gets up 
to about 2-4,000 mph to get into the lunar trajectory. 
* Barbree; As soon as they had translunar injection, wc all 
ran like scared rabbits to the airport, where we had a jet char- 
tered for the news media. We flew directly to Houston. 



COASTING TO THE MOON 



Once the Satum V cleared the tower, responsibility trans- 
ferred from Launch Control at Cape Kennedy to Mission 
Control in Houston. After entering its second Earth orbit, the 
third stage reignited. sending Apollo 11 toward the moon. 
• Jack Carman, group leader, program support group, Apollo 
Guidance Software Section: In the Mission Control Center, 
they had kind of a congressional layout — the flight director 
was the president; then there were various positions in the 
main control room that handled different functions, and 
each of them had staff support in adjoining rooms. 

Gene Kranz, flight director (FLIGHT], White Team, Mission 
Control: We always operated with four teams during the lunar 
missions. We did this to balance the training workload, and 
because shifts are pretty long so it gives 'em a break. 
" Steve Bales, guidance officer (GULVO), White Team, Mission 
Control: Wc were all in the 25- to 28-year-old range except for 
Gene, who was 35. People who were drawn to NASA at the 
time were younger; it wasn't as if anybody had done this 
particular job before. The crew, they were all 38, 39, 40 — they 
seemed a lot older to us. Or at least to me, anyway. 

Neil Armstrong, commander, Apollo 11: 1 was 24 when I 
joined NACA — later NASA — and was given very challenging 
work both as a pilot and as an engineer in flight research. I 
was confident that men of that age could do the job. Addi- 
tionally, this new Space Age required people who understood 
digital computers, and most of the people in that category 
were in their 20s. 

Carman: Nobody knew much about computers in those 
days— and nobody knew much about flying spacecraft cither. 
If people thought, "Are a bunch of young kids gonna screw 
up this mission?" we never heard it. 

■ Chris Kraft, director of flight operations. Mission Control: 
On the way to the moon, you might say, "Well, that could be a 
pretty boring time." But that's not true. There were times 
when you had to do things with the fuel cells, when you had 
to get rid of the water in the system. You're making sure the 
thermal operation of the spacecraft is being done well. On 
Apollo it was called barbecue mode. 

■ Hugh Blair-Smith, software engineer for the Apollo 
guidance computer, MIT Instrumentation Laboratory. For the 
long three days from the Earth to the moon they had to keep 
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Launch Control Center personnel rise to watch through a window as Apollo 11 lifts off from 
the pad, .Va miles away. About 450 people work in the firing room during countdown, includ- 
ing instrumentation controller JoAnn Morgan (third row of consoles, secondfrom left). "It's 
extremely intense work, " Morgan says. "When you 're going through the countdown and the 
launch you're very focused. Everything is preplanned — it's like a script in a play. " 




APOLLO 11; THE UNTOLD STORY 



ANATOMY 
OF A 



MOONSHOT 



The most remarkable thing about 
Apollo 11 — considering the uncer- 
tainties of manned spaceflight and 
the mishaps that bedeviled NASA on 
previous and subsequent missions- 
was its nearly flawless execution, 
from liftoff to splashdown. "I had the 
sense that surely something would 

go awry sooner or later," flight 

director Glynn Lunney says. "It was 

pretty much by the book." Here are 

the critical events that had to go 

right, and what would have happened 

had they gone wrong. 



BY JOE P. HASLER 

DIAGRAM BY DOGO 
AEROSPACE CONSULTANT: 
DENNIS R. JENKINS. NASA 



Launch (i) Five F-l 
rocket engines fire 0.3 
seconds apart to lessen 
astronaut-debilitating 
acoustic vibrations, and 
the Saturn launch 
vehicle slowly rises off 
Pad 39A at Cape 
Canaveral (then Cape 
Kennedy). Any engine 
failure during the 11 
seconds it takes the 
spacecraft to creep past 
its launch tower could 
result in pad fallback or 
collision with the tower. 
"We had a conti ngency 
plan for everything 
we could think of, 
propulsion engineer 
Wiliiam Lucas says. "But 
if the problem was 100 
feet off the ground, then 
that's catastrophe." 




Pitch and Roll (2) Two miles off the pad, Saturn's 
guidance computer puts Apollo 11 on the proper 
trajectory. Without precise execution, the craft will fly 
off-course at a velocity approaching 1500 mph. "During 
the launch phase there were three of us who had the 
abort switch," H. David Reed, flight dynamics officer, 
says. "I had one because the trajectory could go before 
you could discuss it." Loss of control would mean 
ejecting the crew capsule and destroying the rocket 



ommand Module 
Separation: 
The CM sheds 
its service module 
before entry. 
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| Docking and Extraction: 
The CSM separates from 
the Saturn, then couples 
with the LM, removing it 
from the launch vehicle. 




Translunar 
Injection (3) After 1.5 
Earth orbits, a 6-minute 
bum by the Saturn's 
third-stage engine sends 
Apollo 11 toward the 
moon at 24,000 mph. The 
engine has already 
provided Saturn's final 
push into space; some at 
NASA fear reignition in 
microgravity will fail, as it 
did on unmanned Apollo 6, 
because of trouble feeding 
free-floating propellants to 
the engine. Failure here 
would leave an alternate 
mission in Earth orbit as 
NASA's consolation. 




Loss of Signal (6) Each lunar orbit takes Apollo 11 
behind the moon, rendering it incommunicado with 
Mission Control in Houston for 45 minutes. Lacking the 
onboard navigation and computing power needed to 
target a return to Earth, the spacecraft receives targeting 
information from Houston before each loss of signal. If 
acquisition of signal fails when it emerges from the 
backside, the landing will be scrubbed and the crew will 
use that information to target a contingency burn home. 

Lunar Orbit Insertion (7) After loss of signal, 
Apollo 11 fires its service propulsion engine in two burns to 
slow its momentum and enter lunar orbit. The first lasts 
6 minutes and places the craft in an initial orbit of 170 x 61 
nautical miles. A second burn lastsjust 17 seconds and 
eases Apollo 11 into an orbit of 66 x 54 nautical miles, 
ideal for lunar module separation and powered descent. 
Using two burns reduces the chance of an overbum, which 
might crash the spacecraft into the lunar surface. 



Entryji i) After 
jettisoning the service 
module, the CM enters the 
atmosphere at a velocity 
approaching 25,000 mph 
and an entry angle of minus 
6.488 degrees. "The 
velocity of entry and the 
flight-path angle had to be 
very closely controlled— 
within a tenth of a degree," 
says Chris Kraft, director of 
flight operations. Safe 
splashdown requires 
successful deployment of 
two of the craft's three 
parachutes. On Apollo 15, 
one failed, but all of Apollo 
ll's chutes deploy, gently 
dropping the CM in the 
Pacific, where Navy 
recovery crews await 



Translunar Coast: 
Apollo ll's three-day, 
240,000-milejourney to 
the moon. 



Powered Descent oi 

As the LM begins powered 
descent, communication with 
Houston drops in and out. 
Then, 7.5 miles from the 
surface, two program alarms 
sound and continue 
intermittently for much of 
the landing. Computer 
experts in Houston assure 
the crew it is safe to 
continue. If the ground calls 
for abort, Neil Armstrong 
would throttle up the 
descent engine and return 
the LM to orbit for retrieval 
by the CSM. "He would have 
been in a different orbit, so it 
would be a complicated 
rendezvous," says John 
Llewellyn, retrofire officer. 
"But we would never leave a 
guy in orbit— ever. 
That was a rule." 



6. Loss of Signal 



^MTransEarth Coast: ff) 

Apollo ll's return 
voyage to Earth. 



Lunar Module Jettison: 
LM detaches from CSM 
and is left in lunar orbit. 





Ascent illl After 22 hours on the moon, the LM must fire its ascent engine. 
No abort contingency exists. Flight director Glynn Lunney: "The rocket engine 
had to work in order for us to get off the surface of the moon and up into an 
orbit where we could rendezvous with the command ship." If the ascent stage 
reaches an altitude of 11.5 miles, the CSM can descend for an emergency 
rescue, but failure to attain even that low lunar orbit makes recovery 
impossible, and the LM will fall back to the lunar surface. 



Final Landing 
Phase i ,', Just 350 feet 
above the moon, Armstrong 
realizes the autopilot is 
guiding the LM toward an 
enormous crater sur- 
rounded by boulders and 
begins to steer the craft 
downrange. This maneuver 
nearly exhausts his fuel 
supply. "We wanted to 
complete the mission if we 
possibly could, so we 
stretched it right down to 
the very bottom of the 
tank," LM control officer 
Bob Carlton says. 
Armstrong risks entering 
"dead man's curve," where, 
if fuel reserves run out, the 
LM is still too high to safely 
crash-land, and will fall too 
quickly to successfully 
execute an abort. 



LM Ascent Stage 
LM Descent Stage 



"These events got your heart racing, because they had to work. 
And they always seemed to work. " - sy liebergot. mission control 



Buzz Aldrin explores the lunar surface. 
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14. Trans-Earth Injection: The CSM 

engine fires, sending Apollo 11 back to Earth. 



Rendezvous (12) 

Having reached lunar 
orbit, the LM executes a 
series of thruster burns 
that initially put it into 
concentric orbit with the 
CSM, then slow the 
spacecraft's velocity to 
prepare for docking. If 
the LM propulsion 
system fails af any point 
during the 4-hour 
procedure, the CSM can 
execute a "mirror-image 
maneuver" and drop 
back to retrieve it. 



NOT TO SCALE: Orbital trajectories exaggerated and simplified for clarity. 



CELESTRON ASTRONOMICAL EQUIPMENT, 
YOUR TICKET TO THE UNIVERSEI 




youwi 



T»»it*l#<n 



t. 



o0k«iiPHgra«4prwffvl *« k yak* IkuAytt 



■' Di- 



fWTSCOPf 
PfKSMU A COMPACT R 

KAIKTARHJM TfUSCOPf 




MEStMrtl 

awpuruttZED r 

TELESCOPf 



w** * 



The powered descent was the most challenging segment 

of the flight. The systems were heavily loaded, the 

margins were slim, and this would be the first time that 

the entire descent strategy would be fully tested. 

- NEIL ARMSTRONG. COMMANDER. APOLLO 11 



the spacecraft rotating just like a pig on a spit so the sun 
wouldn't be concentrated on any one side. 

- H. David Reed, fligh t dynamics officer (FIDO), Green Team, 
Mission Control: There's a lot of outgassing from the service 
module — venting stuff overboard. That will change the tra- 
jectory. If you're going 238,000 miles out, and walk up to the 
side [of the craft] and even blow on it, that slight movement 
will be multiplied by a lever 238,000 miles long. 

Hal Loden, lunar module control officer (CONTROL), Black 
Team, Mission Control: You don't want to hit the moon, but 
alien you do miss it, you want to miss it at the right altitude 
and inclination so that you'll go into orbit. 

* Reed: So we'll track it for awhile, notice the trajectory is 
changing and make amidcourse correction. 

• John Llewellyn, retrofire officer (RETRO), Green Team, 
Mission Control: In those days, we didn't have GPS and all that 
stuff. The crew didn't have any of that either. They had almost 
the same thing Columbus had — a sextant and a star field. 

Aldrin: Because of the significance of the mission, we 
didn't want to have any distractions in case we had other dis- 
tractions that really required our attention. We had them 
lake any extraneous experiments off the outbound leg, so we 
could concentrate on the midcourse corrections, the plat- 
form alignments, the reports, sleep and meals — things we 
reaily had to be doing. 

- Doug Ward, NASA public affairs officer: In Mercury and 
Gemini nothing was released live — not even the air to 
ground. But once they got 10 or 20 thousand miles from 
Faith | on Apollo Hi they were in continuous contact. From 
that point on, all of the communication was live. 

Armstrong: In all of science fiction— Jules Verne, H.G. 
Wells and others — no writer had ever envisaged that lunar 
explorers would be in communication with people on Earth 
or, even more surprisingly, be able to transmit still pictures 
or moving images back to Earth. So we understood that was 
an important component of our flight objectives. 



JULY 20, 1969-LAND1NG DAY 



A pair of lunar orbit insertion bums put Apollo 11 into orbit 
around the moon. On the eleventh revolution, the Wlvte 
Team assumed the consoles in preparation for descent. 
• Kranz: I remember very clearly when I left the house. 



I had my fresh haircut, and my wife 
had packed me a sack lunch that was 
enough for three shifts of people. As I 
arrived at my parking spot at [the 
Manned Space Flight Center], I real- 
ized 1 didn't remember driving through 
Clear Lake, or anything else. I was so 
preoccupied 1 was on autopilot. 

Bales: When we came in that morning, the lunar module 
was dead. We had to power it up, gel the thing aligned and 
checked out. In the simulations, that's where we'd always 
had the biggest difficulty, really. We had never completed 
without some major problem — and I don't know if we ever 
completed successfully in training — what we called a power- 
up and initialization of everything, and then gone ahead and 
done a landing. 

Sy Liebergot, electrical, environmental and com- 
munications officer (EECOM), Black Team, Mission Control: 
We had both the descent team and the ascent learn in the 
Control Center at the same time. If we had to abort and gel 
off the lunar surface, the descent guys would move off the 
console and we ascent guys would move into position to per- 
form the part of the mission we were specially trained for. 

* Kranz: I indicated that whatever decisions they'd make 
that day, I'd stand behind them — that we came into the room 
as a team, and we'd leave as a team. 

- Garman: It got very, very real as [the spacecraft] went 
around the moon and got ready to undock. In fact, 
I remember vividly them loeking down the Control Center. 
The guards were not to let anybody in or anybody out. 
Michael Collins in the command/service module performed 
a separation maneuver. Haifa revolution later, Neil Arm- 
strong and Buzz Aldrin, in the lunar module, executed a 
descent orbit insertion bum. which allowed gravity to 
begin to pull the vehicle toward the lunar surface. 

Aldrin: At that point we're maneuveringto go backwards, 
engine first and facedown, in the attitude where we're going 
to start the powered descent. 

Joe Gavin, director, Lunar Module Program. Grumman 
Aerospace Corporation: The whole thing was tense, because 
we were basically aircraft designers. In the aircraft business 
you always flight tested something before you delivered it. In 
the case of the lunar module, you couldn't flight test it. Every 
launch was a brand-new vehicle. 

* Ward; All the way down we kept losing communications 
and it would come back and we'd lose it again. I was right 
on the edge of my seat thinking, "You know, we're gonna 
abort for that." 

- Kranz: We gave 'em the go for the start of powered 
descent and, doggone it, right at the time the engines started 
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wc lost data again. We picked it up momentarily thereafter, 
and very shortly after that a guidance officer indicated we 
had some trajectory perturbation. In fact, he said, "We're 
halfway to our abort limit." Well, that is sort of sporty before 
you even start down to the surface. 

Aldrirt: We're about a minute, maybe 2 minutes, into 
powered descent, facedown, and Neil says to me, and the 
Earth, "I think we're gonna be a little long." I said to myself, 
how in the world can he really, at this point, tell that we're 
gonna be a little long? But sure enough, we were. 

Armstrong: Prior to igniting the lunar module's descent 
engine to initiate the trajectory toward the lunar surface, I 
had been timing our angular rate over the craters on the sur- 
face below to calculate our altitude. I noted that, at ignition, 
we were somewhat west of our intended starting location. I 
inferred that our entire trajectory and landing point would 
be somewhat west of our planned landing spot. 



Astronauts Charlie Duke, James l.ovell and Fred Haise 
in Mission Control. Only astronauts on the ground com- 
municated with those in the craft. "The thought was that 
a crewman in Mission Control would have a better under- 
standing of what the crew was experiencing." Duke says. 



Aldrin: I've learned that whenever Neil says anything, 
you'd better pay attention because there's good meaning to it. 

Bales: The lunar module could do a lot of things indepen- 
dently, but it had to rely on people on the ground to tell the 
computer where it was starting on its landing position. On 
the backside of the moon there had been some venting — 
some perturbations unknown to us. The time we gave them 
to light the engine was about 4 or 5 seconds late. 

Aldrin: There comes a point in the checklist where we yaw 
around so that we're faceup, then pitch forward a bit before 
we throttle down. The purpose of doingthat is to get the land- 
ing radar to lock onto the surface at about 30,000 feet. 
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PM photographed Neil Armstrong's gloves and spacesuit at the National Air and Space 
Museum 's Oarberfacility in Suit land, Md. "You couldn 't go through all that trouble to put a guy 
up there on the moon and make him immobile, " says Homer Reihm, chief project engineer/or 
the Apollo spacesuit at ILC Industries. "The Apollo [suit] was the first real walking spacesuit. " 
It also had to withstand lunar surface temperatures rangingfrom minus 250 F to 250 F. Concern 
about dust contamination and weight meant Armstrong's boots were left on the moon. 

PHOTOGRAPHS BY CHRISTOPHER GRIFFITH 



Flight directors Gene Kraitz, Glynn Lunney and Cliff Charlesworth (top, left to right) watch as 
the crew begins to explore the moon. "We were all engineers, "Lunney says. "Because we were 
so busy thinking through what we were doing, and doing it, we didn 't have much time to get 
emotional about it." Apollo 1 1 astronauts Buzz Aldrin and Neil Armstrong (bottom, left toright) 
photograph each other in the lunar lander before (A Idrin) and after (A rmstrong) their moonwalk. 




APOLLO I I 



Bales: As soon as it locked on, the radar saw that we were 
going a little bit fast in radial velocity and corrected the com- 
puter. At the time, 1 thought our worst problem was over. It 
turned out our worst problem wasjust about to start. 

- Aldrin: We got the first 1202 alarm. So we look at each 
other, and we know it's in the guidance and navigation dic- 
tionary, but rather than try and get it out while the module is 
making a powered descent, Neil asked them what's the read- 
ing on the 1202 alarm. Then we got a 1201. 

Charlie Duke, astronaut, capsule communicator (CAPCOM), 
White Team, Mission Control: I was shocked. Actually, 
"stunned" is a better word. I started reaching for my guidance 
and navigation checklist to see what a 1201 and a 1202 was. 
And, of course, Steve Bales knew immediately and didn't hesi- 
tate very long to say, "We're go on those alarms, flight" 

- Bales: I barely heard him. If you listen to the [voice] loops, 
there's a lot going on. And dien finally the data comes in and 
we see the 1201, and Jack [GarmanJ is yelling — 1 mean, 
almost literally yelling, "It's okay! It's okay, as long as it 
doesn't keep going on!" 

• Carman: There was a team of flight controllers whose 
duty it was to come up with simulation profiles that train the 
flight controllers and astronauts together to survive and fix 
things. At one point, they had asked me to come up with a 
failure that was totally software-related. I did that months 
earlier, and they stuck that in duringone of the simulations. 

- Kranz: Steve [Bales] had never seen this before. During 
the simulation, they had an abort, which was his call. 

Bales: There's a general rule in flight control: If you 
don't know what to do, don't do anything. I lie problem 
is, in the middle of a lunar landing, not doing anything is 
not an option. 

Carman; Gene Kranz sat us all down and said, "I want you 
to figure out every possible alarm code that can happen in 
flight so that we're prepared." In those days, there was no 
such thing as desktop computers. So I wrote down all the 
alarm codes on a sheet of grid paper, with crib notes on what 
they meant and what our response should be. And I stuck it 
under the plexiglass of the console I was to sit at. And, lo and 
behold, one of them — well, a couple of them — popped up 
during the actual landing. 

- Don Eyles, software engineer, lunar module guidance 
computer, MIT Instrumentation Laboratory: What led to [the 
alarms] was an obscure mismatch deep in the electronics — 
two signals that should have been locked together in phase 
were only locked together in frequency. That hardware glitch 
involved the rendezvous radar, which really wasn't needed 
during the descent to the moon. 

Aldrin: I left it on. That turned out to be the main cause, 
and maybe the cause, of the program alarms. 



° Eyles: Based on a random-phase relationship between 
those two signals, the rendezvous radar electronics were 
scndingpulscs to the computer at a very high rate. 
- Ward: The computer was simply saying, "Hey, I've got 
more than I can handle but I'm gonna do the important 
things, so don't worry about it." 

Carman: The problem is that those program alarms set 
off what is called the "master caution and warning," which 
is red lights and very large klaxon sounds — if you've seen 
submarine movies, kind of like the klaxon that goes off 
when they say, "Dive! Dive!" And as I gathered from after- 
flight readings, the heart rates for Neil Armstrong and Buzz 
Aldrin went up just a bit. 

• Armstrong: The powered descent was the most chal- 
lenging segment of the flight. The systems were heavily 
loaded, the margins were slim, and this would be the first 
time that the entire descent strategy would be fully tested. A 
decade earlier, while I was flying in the X-15 program, we 
learned, surprisingly, that all the pilots, while flying the X-15, 
had heart rates between 145 and 185. It reflected the menial 
intensity appropriate for a challenging situation. The Apollo 
data seemed to correlate well with our prior experience. 

Duke: I didn't notice anything panicky, any tension at all 
in them. We just kept feeding them the information, trying 
to be as professional about it as possible. I don't think I was 
relaying any anxiousness in my voice — I tried not to, any- 
way — but tension was building. 

: Aldrin: As long as you've got communication, Houston 
knows what [the problem] is, and they have more informa- 
tion, so they're going to be the ones that call the shots. 

Liebergot: We weren't exhaling, but very businesslike. 
And that's not to say the job wasjust ho-hum; it was not. It's 
that wc, with hearts racing, did our job. 

• Eyles: The final landing phase was the point where the 
astronauts took over semimanually to maneuver the space- 
craft like a helicopter. When I say semimanually, I mean that 
the automatic system was controlling the throttle to main- 
tain a commanded descent rate while the astronaut com- 
manded the attitude of the spacecraft in order to scoot along 
die surface in whatever direction he needed to go. 

° Bruce McCandless, astronaut (CAPCOM), Green Team, 
Mission Control: Neil was flying, looking for a boulder-free 
spot. It's fair to say people were holding their breath. But Neil 
had a considerable amount of experience in the lunar-module 
simulatorand in the lunar-landing research trainingvehicle. 
Armstrong: Every flying machine has its own unique 
characteristics, some good, some not so good. Pilots natu- 
rally fly the craft in such a manner as to take advantage of its 
good characteristics and avoid the areas where it is not so 
good. In the case of the lunar module, surprisingly, it flew 
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THE UNTOLD STORY 



I took my headset off, which is what you do if you don't 

want anybody to hear what you are about to say, and told 

Gene [Kranz], We have a problem: We do not know where 

the hell they are. - h. david reed, flight 

DYNAMICS OFFICER, MISSION CONTROL 



much more smoothly than I had expected based on all the 

simulator work we had done. It was a welcome surprise. 

-• Bales: There wasn't a lot being said, but we had a lot of 

data. I was thinking, "What in the bloody heck is going on?" 

Normally, in the simulations, once [Armstrong! got on a path 

to come down, he killed all the velocities but altitude rate 

and pretty much just came straight down. But he wasn't. He 

had a forward velocity of 20 feet per second. And, of course, 

that was eating up fuel. 

■ Kranz: We got what we call "low level" in the propellant 

tank. Once we got that indication, we knew we'd have 

roughly 120 seconds of propellant remaining at a hover 

throttle setting. 

; Bob Carlton, lunar module control officer (CONTROL). 

White Team, Mission Control: We had never seen that light, 

never expected to see it. In all of the sims, we had so much 

margin, that wasn't normally a factor. 

i Garman: At that point there was nothing the ground 

could do except watch. It became a spectator activity. The 

tension went up noticeably. Very noticeably. 

i Duke: Every body was glued to his monitor. 

Carlton: I had a stopwatch. I'm looking at it, and at the 
same time I'm looking at the altitude, and I can see it's still a 
long way down. 1 didn't know it, but the guys were flying over 
a crater. We call up JO seconds. I'm thinking there's no way 
we're going to make it. 

■» Kranz: I'm a Catholic, and in the flight director business, 
you want all the help you can get. 

- Carlton: When the engine shut down, I had 1 8 seconds to 
the point where we would have aborted. 
« McCandless: I was in the control center as a spectator, 
sitting right next to Charlie Duke, who was ihecapcom. Once 
Neil came back with his transmission, " Tranquility Base 
here. The Eagle has landed," in spile of the earlier 
admonitions to maintain decorum, we burst into 
spontaneous cheers and applause. 

' Duke: As you can hear in the transcript, I was so excited, 
"tranquility" came out, "twank." 1 caught myself before I fin- 
ished the word, "Twank — I mean, Tranquility. Roger, Tran- 
quility, we copy you down." 

Ward: Kranz immediately got on the loop and said, "Every- 
body settle down. Settle down. We've got some critical calls 
to make, and we've got to focus on what's coming up here." 



But in the meantime we could hear 
this roar from the viewingroom behind 
us. All of the politicians and top man- 
agers and astronaut families and so on 
were back there behind the glass. 

Aldrin: It was certainly momentous, 

but there were no trumpets blowing or 

cymbals crashing. We're there, we're 

two guys, and we're not the yippee type. We see something, 

absorb it, think about it and that's it, accept the way it is. 



LUNAR EXPLORATION 



After checking the spacecraft's systems. Mission Control 
confirmed it was safe to stay on the lunar surface. The Black 
Team moved into position until the crew was ready to exit 
the craft— when the Green Team would take over. 

■ McCandless: After they were given the "stay" call and 
shut down lunar-module systems, 1 headed for home, which 
was about 10 minutes away, to get a bite of dinner. 

• Ward: The original plan was that they weren't going to get 
out of the lunar module until the next day. They were going 
to get 8 hours of sleep and the next quote-unquote morning 
go do the first extravehicular activity. 

■ McCandless: But when I was pulling into the driveway, 
my wife came running out waving her arms. "They can't 
sleep! Go back!" So I turned around. 

Milt Windier, flight director (FLIGHT), Black Team, Mission 
Control: It was a pretty easy decision. You probably can't stop 
them, so why not go ahead and do it? Plus, we were all ready 
to get on the moon, too. 

Don Beattie, program manager, Apollo Lunar Surface 
Experiments: One scientist had projected thai when the lunar 
module landed it would disappear into levitated dust. Even 
though we landed the Surveyor spacecraft successfully, that 
was a real concern. Another was that the dust would be pyro- 
phoric — that when they opened the cabin of the lunar mod- 
ule, oxygen would react with dust and explode. There was no 
way we could be sure until the guys opened up the door and 
the oxygen flowed out 

McCandless: They deprcssurized the lunar module, 
opened the hatch and Neil came down the ladder. There was 
a crude black-and-white TV camera, which transmitted 
images along the lines of a white blob going down some sort 
of inclined structure. I remarked, "Okay, Neil, we see you 
now, we've got you on TV." 

■ Ward; I was very conscious of the fact that what the crew 
said was extremely important historically. The commentator 
stepped on a foot switch that interrupted the air to ground, so 
anytime we talked it obliterated whatever the crew was saying. 
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• Barbree: He gets to the bottom of 
the stairs, takes a step on the moon to 
make sure he ean, steps back up and 
says, "That's one small step for [a] 
man, one giant leap for mankind." * 

- McCandless: The first order of 
business was collecting a contingency 
sample. Neil was supposed to scoop up 
whatever was near his feet, the first 
thing that was handy, so that in the 
event of an emergency they would have 
at least something to show for having 
been there. 

Beat tie; The bulk sample had a dif- 
ferent purpose— to make sure that we 
got a very wide variety of material. 

• Chuck Berry, chief flight surgeon, 
NASA: We were concerned about the 
metabolic cost of working in the bulky 
suit. The best way to monitor them on 
the lunar surface turned out to be the 
change in water temperature in the 
water-cooled undergarments. We had 

sensors to measure that, and we could then sort of gauge 
how far they could go. 

Armstrong: On the lunar surface we had both the 16- mm 
movie camera and the television camera in fixed positions so 
our surface activities would not be slowed by camera posi- 
tion and setting requirements. 

- Harrison H. Schtnitt, astronaut, mission scientist for 
Apollo 11: Once an extravehicular activity starts the crew is 
going to move along the timeline and get as much done as 
they possibly can. Buzz Aldrin was talking about a lot of 
things that he was checking, like mobility. 

Aldrin: After the flag was up, I made a point of being in 
front of the camera just demonstrating different means of 
moving around. 

- Schmitt: While he was doing that we were all wondering 
what Neil was doing. Well, Neil was deploying a small set of 
experiments as well as collecting this very fine and diverse 
group of rocks and soil. Not only did he get a very wide distri- 
bution, but he also thought the box looked a little empty, so 
at the last minute he filled it with just the dirt, so to speak — 
what we call the lunar regolith. That sample turned out to be 
the best, most comprehensive sample of the lunar regolith 
that was ever taken on any of the Apollo missions. 

• Armstrong's famous words have been the subject of much 
speculation. Lunar surface communications were voice-activated 
and subject to interference, so a vowel could easily have been 
dropped. Armstrong confirmed to PM that he did articulate the "a. " 




Astronauts Neil Armstrong, Michael Collins and Buzx yildrin {left to right) inside 

the Mobile Quarantine Facility on the USS Hornet. "I did not consider our work 

done until we were safely aboard the aircraft carrier, " Armstrong says. 



BLASTING OFF THE SURFACE 



After a 22-hour stay on the moon, Aldrin and Armstrong 
prepared to fire the ascent stage of the lunar module to 
launch back into lunar orbit. 

Reed: My job was to come in prior to ascent, find out where 
they landed, and use that information to compute their launch 
time. Then we'd upload that to the crew. When 1 called the 
tracking people, the guy at the other end of the line said, 
"Dave, take your pick. I've got five different landing sites." He 
said we know where the lunar module thinks it landed, where 
the backup guidance system thinks it landed, where the radars 
on the ground tracked them, where we targeted them, and 
now we've got the geologists saying a different location. 
• McCandless: In the meantime, Mike Collins in the 
command module orbiting overhead was tasked to use a 
telescope to try to locate the lunar module. Poor guy never 
really got any sleep for trying to find it. 

Reed: I look my headset off, which is what you do if you 
don't want anybody to hear what you are about to say, and 
told Gene [Kranz], "We have a problem: We do not know 
where the hell they are." There was only one way to figure 
that out. The capcom woke Buzz Aldrin one rev early to do a 
rendezvous radar check. Because I knew where the com- 
mand module was and T had the vectors that allowed me to 
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A SUMMER ROAD TRIP DOESN'T NEED PAVEMENT OR 

by Ezra Dyer 
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EVEN MODERN TRANSPORTATION. WE TACKLE COLORADO'S DUSTY MOUNTAIN TRAILS IN 

A REBUILT, RESTORED AND 
Bouuer ^ VERY RUGGED ICON FJ40- 

AN OLD-SCHOOL 4WD 
ADVENTURE IN THE HEART 
OF THE ROCKIES. 





WE'RU BOUNCING STRAK.1II 
for the edge of a cliff. My wife, Heather, is in the shotgun seat, her right 
fool reflexively reaching out to press her own phantom brake pedal 
as blue sky fills the windshield. Adrenaline, about 10 Red Bulls' worth, 
courses into my system as T lean on the brakes and wrestle the steering 
wheel to the right, until the passenger-side mirror is nearly grazing 
the sheer rock wall that defines one side of the trail. Better to hug the 
cliff, because the other side of the trail is defined by abrupt, airy nothing- 
ness. I downshift a gear in low range and manage to negotiate the vertigo- 
inducing switchbacks of Tomboy Road as we make our way from 
13,114-fOOt lmogene Pass down to 8750-foot Telluride. Locals character- 
ize Tomboy as an intermediate trail, but, of course, that presumes 
you don't fall off it. 

If you've got five days to spend in a single state, and you want to experi- 
ence the best roads, the best views and the most charismatic towns, plot 
a route through the Colorado Rockies from Durango up to Boulder. You'll 
find 14,000-foot mountain peaks littered with postcard vistas and draped 
with the alpine roads you dream about during your daily commute. 
I enlist Heather to help an adventure that takes in some legendary 
towns — Telluride, Crested Butte, Aspen. In these places you can escape 
civilization — and still find a place to eat a nice steak if you roll in at 9 pm. 

I have a good idea where I'm going, because a few days earlier I drove 
from Telluride to Lake City — 50 miles, more or less — almost entirely 



Photographs by Matt Gunther 
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off-road, in a Hummer H3T Alpha. With less than 200 miles 
to cover on any single day, diere should be plenty of time for 
hiking, mountain biking, fishing and off-roading. That last 
activity helps dictate the choice of vehicle for this endeavor. 
What I want is a cross between a Jeep Wrangler Rubicon 
and a Toyota Prius, but no new vehicle comes close to com- 
bining that degree of off-road acumen and fuel-miser effi- 
ciency. There is another option, though: revising the past. 



ROCKHOUND 



ANYONE \\ HOTS DRIVEN A CLASSIC TOYOTA F] 

Land Cruiser would praise its utilitarian, go-anywhere tal- 
ents, but in terms of livability, an old FJ is a Massey Fergu- 
son tractor crossed with an Iron Maiden. TLC, a small 
company based in California, specializes in reimagining 
the FJ as the Icon — essentially an original FJ40 that's been 
stripped down to its bare frame and rebuilt with modern 
amenities and cool details like handcrafted, engraved and 
enameled stainless-steel dash knobs. A new drivetrain is 
part of the package, and TLC now offers a four-cylinder 
turbodiesel that allows the Icon to average between 22 and 
28 mpg. Not bad for a vehicle equipped with 3.3-inch tires, 
locking differentials and a hefty winch bumper. The diesel 
also runs on biofuel, should we happen to come across any 
of Willie Nelson's filling stations. 

This particular Icon diesel is loaded with toys — heated 
seats, a thumping stereo and a Power Tank C0 2 reservoir 
for airing up the tires. Despite the vehicle's amenities and 
six-figure price, the driving experience is still retro. Wind, 
road and engine noise barge in through the soft-top, the 
five-speed shifter has longer throws than an Olympic jave- 
lin competition, and the steering is disarmingly slow on 
these serpentine roads. And yet the squeaks, rattles and 
groans of an old vehicle, the telltale complaints of calcified 
bushings and rotten seals, are entirely absent. It may be 
retro, but it's definitely not old. 

I'm keen to try the Icon in its true element: off-road. Tel- 
luride begins to lure off-roaders as soon as the snow melts 
and the high trails outside town become passable. We drive 
to the Tmogene Pass trailhead (barely a quarter-mile off the 
main drag), and Fyank the e-brake and jump out. There's 
something gratifying about the solid, tactile sensation of 
manually locking the front hubs on an old-school 4x4. I 
engage the front axle with the stubby transfer case lever on 
the floor, and we're off. Heather offers a hand at airing 
down the tires to improve traction in the rough. But I decide 
we should skip this procedure because I don't expect to 
encounter any terrain that will challenge our Icon. This, it 
turns out, is a rookie mistake, because 1 quickly learn that 
you don't just air down yourti res for better off-road capabil- 
ity. You also do it for comfort. Especially if your passenger is 
unenthusiastic about the kidney-shaking cocktail of solid 
axles, leaf springs and rocky trails. 

Heather gets some respite from the constant jostling 
when she gets out to spot me as I attempt to climb a chal- 
lenging rock shelf. There's an easier route around, but 
what's the fun in that? 1 gear down into low range, engage 



HOW TO BUILD A 

4WD 



The 4WD vehicle you choose to build is 
directly related to the level of off-road 
capability you expect from it— some plat- 
forms and components are simply better 
suited to the axle-twisting rigors of an 
off-road trail than others. But how extreme 
should you go? That depends on how street- 
worthy you need the vehicle to be. The taller 
and tougher the truck, generally, the worse 
it is to drive on pavement. But there are 
plenty of smart modifications you can make 
to ratchet up the capability of any 4x4. 
So let's hit the trail. 




the ARB locking diffs and successfully claw my way up. 

After about an hour, we're at Imogene Pass. Besides a 
bullet-riddled mailbox at its summit, Imogene offers spec- 
tacular views of the surrounding peaks, which are littered 
with mining operations that were abandoned back when 
off-roading was an unavoidable condition of travel rather 
than an amusing diversion. We don't spend much time 
there, however, since we'd unzipped the windows from the 
soft-top back in balmy Telluride, where the temperature 
was at least 25 degrees warmer than it is up here. 




Mild Buildup 



Moderate Buildup 




Vehicle 



Engine 



Suspension 



Tires/ 
Differentials 



Protection/ 
Recovery 



Newer 4WDs like the Nissan Xterra have 
a smooth-riding independent front 
suspension. They can tackle easy trails 
with minimal modifications and still 
maintain on-pavement road manners. 

Don't void the warranty. Reusable air 
filters improve filtration and breathing. 
When combined with an exhaust 
system that installs behind the catalytic 
converter, these safe upgrades can 
yield up to 10 hp. 

Maintain stock height to preserve the 
factory handling and stability. Aftermarket 
off-road shocks can offer better control 
over rough terrain. The tradeoff? A firmer 
ride on the street. 

Large tires hurt fuel economy and 
off-the-line thrust. Instead, mount a 
stock-size mud tire. Choose a limited- 
slip differential for the rear axle to get 
better grip on pavement and off. 

Aluminum skidplates underneath help 
protect drivetrain components. A tow 
hook or clevis shackle bolted securely to 
the frame is essential for snatch-strap or 
winch recovery. 



The : Goodyear's aggressive new Wrangler 
Right Stuff ' MT/R mud tire has a Kevlar sidewall to 
• reduce punctures and a rim protector to 
' guard against wheel damage in all 
i terrain. The MT/R comes in 30 sizes. 




Extreme Buildup 
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Trucks with a live-axle front suspension, A classic two-door Jeep CJ or Wrangler 



like 1973-1991 Chevy Suburbans or 
comparable K-Series pickups, make 
tough platforms. These vehicles can be 
bought and built inexpensively. 

Worn-out V8? Swap in a factory crate 
motor for reliability and increased 
power. Powerful motors can break 
parts. So plan to upgrade the drivetrain 
if you add serious horsepower. 

A modest 2- to 4-inch taller suspension 
system and longer shocks create room 
for larger tires, increase axle articulation 
and boost capability. But systems with 
more lift typically ride rougher. 

Taller and wider 33- to 35-inch tires 
raise ground clearance over obstacles 
and improve flotation. Add a selectable 
locking differential in the rear axle for 
maximum traction at both rear wheels. 



A winch can extricate your truck from 
the worst-case-scenario stuck. Electric 
winches are expensive but worthy 
investments — especially when 
four-wheelers travel alone. 



is a perfect blank canvas to build a 
hardcore 4x4. Jeep parts are plentiful, 
and there's a deep knowledge base for 
what works— and what doesn't. 

A V8 or diesel conversion delivers the 
torque to turn large tires. Upgrade to 
larger heavy-duty-truck-spec axles, 
transmissions and transfer cases, which 
are often needed to handle the stress. 



Expensive coil-link systems can provide 
incredible suspension flex for serious rock 
crawling. They offer excellent ride quality 
on the road too. 



To clear boulders, opt for tires size 37 
inches and up. Suspension articulation 
helps maintain traction. But the toughest 
trails require a locking differential — in 
both axles— for true 4WD. 



Minimal bodywork means less potential 
damage on the trail. If the Jeep has no 
hardtop, consider a full roll cage to 
protect in case of rollover. A winch is 
de rigueur in this class of vehicle. 



Warn's PowerPlant Dual Force HP is Coilover shocks like Bilstein's 9100 

two tools in one: a 9500-pound, provide the potential for long wheel 

single-line pull winch and an air travel. The shock valving can be 

compressor to inflate tires on the trail specified for any terrain— from slow 

or run impact tools. Auxiliary air tanks rock crawling to high-speed desert runs, 
are available. 




SATURDAY MECHANIC 



FN ROUTS TO CRESTED BUTTF AFTER I INCH, I 
pass four vehicles at once — something I'd wager this particu- 
lar FJ never accomplished in its pre-Icon incarnation. Even 
now, the 2.8-liter motor is better suited to mellow cruising 
than to torrid acceleration, but with 133 hp and 276 Ib-ft of 
torque, it's got respectable giddyup. I glance at the speedom- 
eter, notice we're doing go mph and assume die concentra- 
tion of a bomb-squad specialist as I edge down to legal 



speeds. No antilock brakes, no airbags, no sudden moves. 

Crested Butte looks like an idealized conception of the 
Wild West, with old-timey storefronts clustered in a tight 
downtown that hugs the base of a towering set of moun- 
tains. The plan is to do some hiking before taking a trail 
over those mountains to our next stop on the other side— a 
little place called Aspen. 

After a hearty breakfast in Crested Butte, Heather eyes 
the grumbling orange truck outside the diner and asks, 
"Why'd you leave it running?" I produce the ignition key 






off-road, in a Hummer H3T Alpha. With less than 200 miles 
to eover on any single day, there should be plenty of time for 
hiking, mountain biking, fishing and off-roading. Thai last 
activity helps dictate the choice of vehicle for this endeavor. 
What I want is a cross between a Jeep Wrangler Rubicon 
and a Toyota Prius, but no new vehicle conies close to com- 
bining that degree of off-road acumen and fuel-miser effi- 
ciency. There is another option, though: revising the past. 



ROCKHOUND 



ANYONE V» HO'S DRIVEN A ( I.ASSH invn A I I40 
Land Cruiser would praise its utilitarian, go-anywhere tal- 
ents, but in terms of livabilily, an old FJ is a Massey Fergu- 
son tractor crossed with an Iron Maiden. TLC, a small 
company based in California, specializes in reimagining 
the FJ as the Icon — essentially an original FJ40 that's been 
stripped down to its bare frame and rebuilt with modern 
amenities and cool details like handcrafted, engraved and 
enameled stainless-steel dash knobs. A newdrivctrain is 
part of the package, and TLC now offers a four-cylinder 
turbodiesel that allows the Icon to average between 22 and 
28 mpg. Not bad for a vehicle equipped with 33-inch tires, 
locking differentials and a hefty winch bumper. The diesel 
also runs on biofuel, should we happen to come across any 
of Willie Nelson's filling stations. 

This particular Icon diesel is loaded with toys — healed 
seals, a thumping stereo and a Power Tank CO_ reservoir 
for airing up the tires. Despite the vehicle's amenities and 
six-figure price, the driving experience is still retro. Wind, 
road and engine noise barge in through the soft-top, the 
five-speed shifter has longer throws than an Olympic jave- 
lin competition, and the steering is disarmingly slow on 
these serpentine roads. And yet the squeaks, rattles and 
groans of an old vehicle, the telltale complaints of calcified 
bushings and rotten seals, are entirely absent. It may be 
retro, but it's definitely nol old. 

I'm keen 10 try the Icon in its true element: off-road. Tel- 
luride begins to lure off-roaders as soon as the snow melts 
and the high trails outside town become passable. We drive 
10 ihe Imogene Pass trailhead (barely a quarter-mile off the 
main drag), and I yank the e-brakc and jump out. There's 
something gratifying about the solid, tactile sensation of 
manually locking the front hubs on an old-school 4x4. 1 
engage the front axle with the stubby transfer case lever on 
the floor, and we're off. Heather offers a hand at airing 
down the tires to improve traction in the rough. But I decide 
we should skip this procedure because I don't expect to 
encounter any terrain that will challenge our Icon. This, it 
turns out, is a rookie mistake, because I quickly learn thai 
you don'i just air down your tires for better off-road capabil- 
ity. You also do it for comfort. Especially ifyour passenger is 
unenthusiastic about the kidney-shaking cocktail of solid 
axles, leaf springs and rocky trails. 

Heather gets some respite from the constant jostling 
when she gets out to spot me as I attempt to climb a chal- 
lenging rock shelf. There's an easier route around, but 
what's the fun in that? I gear down into low range, engage 



HOW TO BUILD A 

4WD 



The 4WD vehicle you choose to build is 
directly related to the level of off-road 
capability you expect from it— some plat- 
forms and components are simply better 
suited to the axle-twisting rigors of an 
off-road trail than others. But how extreme 
should you go? That depends on how street- 
worthy you need the vehicle to be. The taller 
and tougher the truck, generally, the worse 
it is to drive on pavement. But there are 
plenty of smart modifications you can make 
to ratchet up the capability of any 4x4. 
So let's hit the trail. 




the ARB locking diffs and successfully claw my way up. 

After about an hour, we're at Imogene Pass. Besides a 
bullet-riddled mailbox at its summit, Imogene offers spec- 
tacular views of the surrounding peaks, which are littered 
with mining operations thai were abandoned back when 
off-roading was an unavoidable condition of travel rather 
than an amusing diversion. We don't spend much time 
there, however, since we'd unzipped the windows from the 
soft-top back in balmy Telluride, where the temperature 
was at least 25 degrees warmer than it is up here. 



Mild Buildup 




Vehicle 



Engine 



Newer 4WDs like the Nissan Xterra have 
a smooth-riding independent front 
suspension. They can tackle easy trails 
with minimal modifications and still 
maintain on-pavement road manners. 

Don't void the warranty. Reusable air 
filters improve filtration and breathing. 
When combined with an exhaust 
system that installs behind the catalytic 
converter, these safe upgrades can 
yield up to 10 hp. 

Maintain stock height to preserve the 
factory handling and stability. Aftermarket 
off-road shocks can offer better control 
over rough terrain. The tradeoff? A firmer 
ride on the street 

Large tires hurt fuel economy and 
off-the-line thrust. Instead, mount a 
stock-size mud tire. Choose a limited- 
slip differential for the rear axle to get 
better grip on pavement and off. 

Aluminum skidplates underneath help 
protect drivetrain components. A tow 
hook or clevis shackle bolted securely to 
the frame is essential for snatch-strap or 
winch recovery. 



The \ Goodyear's aggressive new Wrangler 
Right Stuff i MT/R mud tire has a Kevlar sidewall to 
j reduce punctures and a rim protector to 
! guard against wheel damage in all 
: terrain. The MT/R comes in 30 sizes. 



Suspension 



Tires/ 
Differentials 



Protection/ 
Recovery 



Moderate Buildup 





Extreme Buildup 
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Trucks with a live-axle front suspension, 
like 1973-1991 Chevy Suburbans or 
comparable K-Series pickups, make 
tough platforms. These vehicles can be 
bought and built inexpensively. 

Worn-out V8? Swap in a factory crate 
motor for reliability and increased 
power. Powerful motors can break 
parts. So plan to upgrade the drivetrain 
if you add serious horsepower. 

A modest 2- to 4-inch taller suspension 
system and longer shocks create room 
for larger tires, increase axle articulation 
and boost capability. But systems with 
more lift typically ride rougher. 

Taller and wider 33- to 35-inch tires 
raise ground clearance over obstacles 
and improve flotation. Add a selectable 
locking differential in the rear axle for 
maximum traction at both rear wheels. 



A winch can extricate your truck from 
the worst-case-scenario stuck. Electric 
winches are expensive but worthy 
Investments — especially when 
four-wheelers travel alone. 



Warn's PowerPlant Dual Force HP is Coilover shocks like Bilstein's 9100 

two tools in one: a 9500-pound, provide the potential for long wheel 

single-line pull winch and an air travel. The shock valving can be 

compressor to inflate tires on the trail specified for any terrain— from slow 

or run impact tools. Auxiliary air tanks rock crawling to high-speed desert runs, 
are available. 



A classic two-door Jeep CJ or Wrangler 
is a perfect blank canvas to build a 
hardcore 4x4. Jeep parts are plentiful, 
and there's a deep knowledge base for 
what works— and what doesn't. 

A V8 or diesel conversion delivers the 
torque to turn large tires. Upgrade to 
larger heavy-duty-truck-spec axles, 
transmissions and transfer cases, which 
are often needed to handle the stress. 



Expensive coil-link systems can provide 
incredible suspension flex for serious rock 
crawling. They offer excellent ride quality 
on the road too. 



To clear boulders, opt for tires size 37 
inches and up. Suspension articulation 
helps maintain traction. But the toughest 
trails require a locking differential— in 
both axles— for true 4WD. 



Minimal bodywork means less potential 
damage on the trail. If the Jeep has no 
hardtop, consider a full roll cage to 
protect in case of rollover. A winch is 
de rigueur in this class of vehicle. 



SATURDAY MECHANIC 



EN KOLTE TO CRESTED BUI I I MILK LUNCH, I 
pass four vehicles at once — something I'd wager this particu- 
lar FJ never accomplished in its pre-lcon incarnation. Even 
now, the z. 8-liter motor is better suited to mellow cruising 
than to torrid acceleration, but with 135 hp and 276 Ib-ft of 
torque, it's got respectable giddyup. I glance at the speedom- 
eter, notice we're doing 90 mph and assume the concentra- 
tion of a bomb-squad specialist as I edge down to legal 



speeds. No antiloek brakes, no airbags, no sudden moves. 

Crested Butte looks like an idealized conception of the 
Wild West, with old-limey storefronts clustered in a tight 
downtown that hugs the base of a towering set of moun- 
tains. The plan is to do some hiking before taking a trail 
over those mountains to our next stop on the other side — a 
little place called Aspen. 

After a hearty breakfast in Crested Butte, Heather eyes 
the grumbling orange truck outside the diner and asks, 
"Why'd you leave it running?" I produce the ignition key 
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Barely 20 minutes outside Boulder, and in shin-deep water, 
the author hooks a monster while fly fishing— and promptly 
releases it to go breed more leviathans of the deep. 



from my pocket and explain that there really wasn't much 
choice. The ignition switch is shorted out. See, production 
Icons get break-in mileage to expose any kinks or faulty 
parts, but on this brand-new example, we're performing the 
shakedown in the field, as it were. And we've got a kink on 
our hands. Since I'm not sure whether the switch will still 
crank the starter, I make a game-time decision: We're not 
shutting this thing down till we get to Aspen. And thus, our 
stroll around a pristine mountain lake is accompanied by 
the persistent growl of the idling Icon. The hills are alive 
with the sound of compression ignition. 

As I fill up at a local gas station, I ask the attendant about 
a trail someone mentioned that connects Crested Butte and 
Aspen. "Oh yeah, the Schofield Pass," he says. "That trail is 
mega-gnar." Then, deciding he might've under-gnarred his 
original estimate, he adds, "Mega-mega gnar." He eyes the 
Icon sittingat the pumps. "That thing would make it, but if 
you put a wheel wrong, you fall -10 feet into the river." I ask 
if there is perhaps a kinder alternative for this SI 22,000 
truck that docs not belong to me, a trail rated single-gnar or 
less, and he recommends another unpaved way called the 
Kebler Pass. The Kebler Pass is more like a dirt road than a 



trail, and I air down the Icon's tires to take the edge off the 
stutter bumps. This smooths out the ride nicely, and I make 
a conscious decision to avoid telling Heather that we could 
have had a much nicer drive up Imogene Pass if I'd thought 
of this sooner. The aspen forest makes for a beautiful back- 
drop, and the woods are teeming with life — including, 
oddly, cows. Heather notes that cows are normal and trees 
are normal, but put some cows among the trees and sud- 
denly you've got a strange and exotic tableau. 

A few hours later we're in Aspen, and I pull into the park- 
ing lot of the Gant Hotel, press my right foot on the brake 
and pop the clutch with my left. The motor stalls, choking 
itself into silence for the first time in the past 7 hours. Now 
comes the real moment of truth: I turn the key to see if it'll 
start up again. The starter spins, the motor roars to life, and 
we're in business. After shutting down again, I disconnect 
the battery to keep the accessories from killing it overnight, 
but we have a viable strategy for continuing our trip. This is 
the benefit of older designs — things may go wrong, but it's 
a lot easier to devise work-arounds than it is in new cars. 
There are no OBD II trouble codes, no electronic security 
systems to go haywire. Bad ignition switch? Stall it out. 
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DAMAGE WAIVERS 



AS Wt WALK AROUND ASPEN, I NOTICE A POBTEB 

advertising performers at a subterranean bar. "Hey, look," 1 
say, "Ice Cube played at rhis place!" It seems unlikely that Ice 
Cube, of N.W.A fame and Friday movie stardom, would've 
played a little bar in Aspen, but there it is. "Look at the date," 
Heather says. "He didn't play there already, he's playing 
there tonight!" And that's how we ended up witnessing lee 
Cube performing "Straight Outta Compton" live in Aspen. 
That's the kind of thing that could make for a good story 
later. Just like when you try to go mountain biking and your 
bike falls off the car rack at 50 mph. 

About that: I thought everything was properly ratcheted 
down when we set off toward Woody Creek. The woman at 
the bike place told me that the late gon/o legend Hunter S. 
Thompson used to live near the trail, so I wanted to check it 
out, even if Thompson probably would've pistol-whipped 
me for wearing a helmet while riding a bicycle. He would 
have fully approved, however, of the carnage. As I hit an 
expansion joint on the highway, my bike bounces off 
the rack and begins a death cartwheel down the highway. 
Did I sign up for the damage waiver? I hope I signed up 
for the damage waiver. 

When I return the bike, the shaggy dude at the counter 
buys my explanation for the large chunk of foam missing 
from the seat. "I took a digger," I say, gesturing to the road 
rash on the seat. "You sure did!" he agrees, and I depart 
before he can ponder how I trashed the seat without suffer- 
ing so much as a scrape myself. 

ALPINE ANGLER 

BACK IN MM HUN, VVL CLIMB ©Iff O! TOWN 

on Route 82, headed toward Independence Pass on the Con- 
tinental Divide. The blacktop is smooth and mostly free of 
plow scars. Up here at 12,000 feet, on one of the highest 
paved roads in North America, they don't even bother to 
plow in winter — they just close the road and wait till spring. 
Once the 10-mile route thaws, it's a popular climb for road 
bikers touring the Sawateh Range. 

The Icon's turbocharger is whistling, and I'm spinning 
the steering wheel like Mix Master Mike on the turntables, 
but as I pass a parade of Porsches going the other way, it's 
hard not to wish that 1 had a sports car right now. At the top, 
the Icon's riotous idle is suddenly drowned out by an other- 
worldly shriek. Over the ridge, making excellent time, comes 
a red Ferrari Enzo, one of only a few hundred or so on the 
planet. Judging by the smile plastered on the face of the lucky 
guy behind the wheel, we should all aspire to drive a red Enzo 
over Independence Pass before we die. 

Soon, we're on Interstate 70 for the first time on the 
trip. I want to reach Boulder in time to set up a fishing trip 
tomorrow. So we forgo lunch in favor of that traveler's 
staple, jerky (with a side order of surprisingly good 
convenience-store lamales), and head down 1-70 as fast as 
the Icon can carry us. 



My seat-of-lhe-pants approach to scheduling means that 
no guides are available. But I don't even need to drive that far 
to find my own solitary place to fish. Barely 20 minutes after 1 
leave the Kinsley Outfitters Orvis shop in Boulder I drop 
anchor. I inspect the fancifully named flies I bought and pon- 
der which one to deploy for some epic trout slaying. I con- 
template the Chernobyl Ant and the Elk Wing Caddis, but 
decide to try the Stimulator first. 

I'm more of a shameless bait caster than a fly fisherman; 
still, I try to dance the fly on the water, because that seems 
like what a fly would do, right? But the water is only up to my 
shins, and 1 fail to see how there could be fish here. They'd 
have to be two-dimensional, and I'm pretty sure flounder 
arc not indigenous to the Rockies. I'm ready to give up and 




The Icon may be fully restored and brimming 

;ith bulletproof drivetrain componentry, but don t 

expect a Lexus experience inside- 



try a new spot, but suddenly the fly is tugged underwater, 
and the slack goes out of the line. The fishing in Boulder 
Creek really must be pretty good, because 1 caught a fish. 
I let it go- — so there's no evidence to contradict the hyper- 
bole I conjure to describe my catch back at the hotel bar in 
Boulder. It was a creature of the deep, five rows of teeth, 
license plates in its belly. 

The next morning brings the road-trip bummer: the 
realization that we're done driving to new places looking for 
new adventures. No more random Ice Cube concerts, unex- 
pected fly-fishing mastery or rural Enzo sightings. No more 
challenges — the bike tumbling down the highway, the 
shorted ignition — followed by the exhilaration of a success- 
ful fix. And, I'm sad to say, no more Icon. While I initially 
missed the refinement of a modern car, over the course of 
the trip the FJ endeared itself. It took us from Durango to 
Boulder, up Imogene Pass, through the Crested Butte aspens 
and past the woodland bovincs, its center console shut tight 
enough to prevent the smell of the ever-present beef jerky 
from permeating the interior. Besides all its crafty details, 
the Icon has the FJ40 charisma, an authenticity that only 
comes with a genuine four-decade pedigree. pm 
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IS IT A COMPUTER, FURNITURE OR AN 
IMPLAUSIBLE THOUGHT EXPERIMENT 
MADE REAL? TWO PM STAFFERS 
SQUANDER LOTS OF TIME, THOUGHT 
AND ENERGY BUILDING A BOOTABLE, 
SIT-AT-ABLE, SEE-THROUGH PC. 

by Glenn Derene 





Step No. 1 

Make Sure It Looks 

Good on Paper 
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If science is the dispassionate 
pursuit of objective truth, then it 
stands to reason that mad science 
is the completely irrational pursuit 
of a nutty project that the rest of 
the world will never completely 
understand. Popular Mechanics 
has a reverent journalistic respect 
for those who practice serious 
research. But on our own time, we 
like to dabble in the mad sciences. 

Mad computer science, in 
particular, offers plenty of 
opportunity to practice our 
techno-alchemy in PM's labs. We 
have, in the past, created a series 
of "monster" PCs — labor-intensive 
masterpieces of technological 
complexity that were as wickedly 
powerful as they were unreliable 
and impractical. It takes a special 
kind of enthusiast to prefer such a 
machine over a store-bought PC 
with a two-year warranty. 

I have an excuse. As PM's 
senior technology editor, it's part 
of my job to daydream Rube 
Goldbergian new designs for 
computers. My colleague, Anthony 
Verducci, however, is our digital 
imaging specialist. He is a master 
computer builder, but he is 
probably shirking his responsibili- 
ties (whatever those are), when he 
partners with me to help construct 
each new machine. 

Our ideas often start out with a 
simple premise. About a year ago, I 
first came to Anthony with a plan to 
build a computer into the structure 
of a desk. A quick bit of brain- 
storming determined that there 
were essentially two ways to 
accomplish this: old-school (a 
classic oak executive's desk with 
components hidden behind false 
backs in the drawers); and 
new-school (transparent surfaces 
with components on display). The 
old-school approach was classy 
and definitely appealing (we won't 
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rule it out for the future), but the 
new-school approach was both less 
practical atid more ostentatious, 
which made it our natural choice. 

So we specced out a totally 
visible PC. The components — 
motherboard, graphics card, hard 
drives, etc. — would alt be mounted 
beneath the surface of a transpar- 
ent desk. Because an optical 
mouse would have trouble 
tracking on a clear surface, we 
imagined an integrated clear 
trackpad that would turn part of 
the desktop into a pointing device. 

Our first thought was to make 
the desk out of tempered glass, 
but we decided that clear acrylic 
would be far easier to work with. 
Anthony had worked on previous 
computer builds with Dennis 
Leach, owner of Danger Den, an 
Oregon-based custom case and 
liquid-cooling company. Leach's 
shop has a computer-control laser 
that can cut and etch sheets of 
acrylic to create any shape or 
design imaginable. We e-mailed 
sketches back and forth to Leach 
for two months, planning out the 
placement of components, 
ventilation ducts and holes for 
tubes and wires. 

Leach disabused us of some 
of our more fanciful design 
parameters— we had, for instance, 
requested that pathways for liquid 
cooling be routed through the 
acrylic desktop. A novel idea, if 
Leach could have pulled it off, but 
leaks would have been hard to fix, 
so he decided the coolant would 
have to flow through Tygon tubing. 

While Danger Den was firing 
up its laser cutter, we submitted 
our touchpad design to Synaptics, 
a California company that makes 
trackpads in many laptops. We 
described a clear, USR-interface 
touchpad with an integrated 
proximity sensor that would light 
up the area whenever a hand 
approached. To our surprise, 
Synaptics' concept-prototyping 
crew said, "No problem." Within 
weeks, a working unit arrived at 
our labs. About a month later, a 
massive wooden box containing 
our 6-foot-wide, wing-shaped 
acrylic desk was delivered. And 
more deliveries kept coming, until 
we were surrounded by a sea of 
boxes and electronic parts. Now, 
the real work was about to start. 



Step No. 2 

Be Smart — Shop Twice, Buy Once 



f 



Step No. 3 

Find a Good Hex Wrench 



t 1 






There are two important rules to grasp when 
designing a computer from scratch (and, yes, 
we've learned them the hard way, over a 
number of builds): First, everything is 
dependent on everything else. Our desk had to 
be built to fit its components, so we needed 
to pick the parts— motherboard, graphics card, 
etc.— before Danger Den could cut the acrylic. 
That meant no second-guessing just because a 
cooler part came out. Second, there's no 
manual— when something doesn't fit or 
doesn't work, you're on your own. 



The aesthetic for our desk 
frame was strictly industrial. 
We used super-strong extruded 
aluminum rails with T-slots for 
affixing nuts and bolts— lots of 
bolts. The surfaces of our desk 
were precut with holes for 
fasteners, wires and ventilation, 
allowing us to bolt the acrylic to 
the frame and components to 
the acrylic. Fortunately, Danger 
Den's Leach is a master of the 
acrylic arts, and his cuts 
matched our specs precisely. 




The desk 
surface was 
constructed 
by Danger 
Den of two 
sandwiched, 
laser-cut layers 
of clear acrylic 
bolted to an alu- 
minum frame. 



A half-gallon 
of glycol runs 
through 1 5 feet 
of Tygon tubing 
and a radiator, 
cooling the 
processors. 
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Step No. 4 

Darn! Order New Parts 




With all the components bolted 
down, our desk looked great Then we 
tried connecting everything— and 
nothing fit (we should have paid more 
attention to Step 2). We had SATA 
cables that were too short and a 
power supply pointing the wrong way. 
Plus, our wacky layout required a 
custom 15-inch flexible PCI-E cable to 
connect our graphics card. Progress 
stopped while we placed a rush order 
to five online parts shops. 



Step No. 5 

Connect Everything, Add Glycol and Glitz 



Wl 



Once all the wiring was in order, we started on 
the liquid-cooling system. Anthony painstakingly 
mounted water blocks to both the CPU and the 
graphics card, then planned out the flow of 
coolant. We ran tubes from the right side of the 
desk, where the chips are located, to the left side, 
where the radiator dissipates heat. At the 
suggestion of senior automotive editor Mike 
Allen, we mounted the coolant reservoir in a 
position that created a decorative waterfall of 
glycol without compromising the electronics. But 
the desk still wasn't gaudy enough for us. We 
needed lights— lots of lights. So we wired up 
seven glowing exhaust fans and six blue neon 
bars, which quickly overloaded our 850-watt 
power supply. That required an upgrade to a 
kilowatt beastie from Antec. 



Step No. 6 

We're Done. Wait— Okay, 

Now We're Done 




We locked down the clear acrylic top, 
installed the Synaptics touchpad, set 
up a 27-inch Dell UltraSharp 
monitor— and then spent a week 
futilely trying to install a beta version 
of Microsoft s Windows 7 operating 
system. We troubleshot the system 
until we found the problem: our 
fancy-pants PCI-E cable. Another rush 
order to a specialty parts shop fixed 
the problem with a new cable. Finally, 
our lab was filled with the neon-blue 
glow of success. We had willed our 
digital creation into being. 




To support our 
Times Square 
lighting, we 
used an Antec 
TruePower 
Quattro 
kilowatt power 
supply. 



Two 300-GB 
10,000-rpm 
VelociRaptor 
hard drives 
handle storage. 



Synaptics 
engineered 
us this one- 
of-a-kind, 
flush-mounted 
touchpad with 
an integrated 
proximity sen- 
sor and light. 



At the heart 
of our system 
is XFX's 7901 
Ultra SLI 
motherboard, 
outfitted with 
4 GB of Kings- 
ton HyperX 
DDR3 RAM and 
a 3.0-GHz Intel 
Core 2 Quad 
processor. 



This worthless We cooled our Seven fans 



15-inch custom PaLit GeForce 
PCI-E cable did GTX 280 



not work — so 
we replaced it. 



graphics card 
with Danger 
Den's Tieton 
water block. 



circulate air 
within the 
desk— and 
13 bright-blue 
neon lights 
blind the user 
at the desk. 



Ejecting up 
from the desk 
surface is a 
Sony BDU-X10S 
Blu-ray drive. 
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PM TEST DRIVEN 



I 



American Muscle 



A REAR-DRIVE, V8-P0WERED REVOLUTION. BUT THIS 
REMIX OF 1960s SPEED IS MORE POLISHED, REFINED ANi 
EFFICIENT. WE PUT THE LATEST PLAYERS 7< 



There are few automotive genres more uniquely 
American than the muscle car. Born, bred and built in the 
USA, these powerful machines of four decades ago 
packed a fiery V8 up front and drove torque to the rear 
wheels— a simple formula, precisely engineered for 
creating rebellious clouds of tire smoke. The bond 
that linked these cars 



together, besides the 
spine-crushing thrust, 
was their unrepentant 
machismo— quivering 
hood scoops, spoilers 
that scraped the 
stratosphere, and big, 
bold fender decals. 

The muscle car heyday 
may have passed, but 
recently there's been a 
glorious resurgence. Ford 
introduced the retro-cool 
Mustang in 2005, firing 
the first salvo of the 
second muscle car war. 
Dodge fought back with 
the 2008 Challenger, and 
the 2010 Camaro is on 
the street and ready for 
the brawl. Now, the class 
is simply bulging with V8 



bravado, including more 
progressive Cadillacs, 
Pontiacs and the 
undisputed king of muscle 
hill— the Ferrari-quashing, 
638-hp Corvette ZR1. 

Like the originals, 
today's cars offer a 
visceral thrill and a deep 
mechanical connection 
to the machinery. But 
these cars are not 
muscle-bound dinosaurs. 
They all handle, ride and 
glide through the daily 
commute just as 
confidently as they blister 
the quarter-mile. The 




pnotcgropns oy 



interiors are fitted with 
supportive seats, airbags 
and, yes, even Bluetooth 
connectivity and 
navigation systems. 
They use less fuel than 
ever too. Even the mighty 
Corvette ZR1 returns 
20 mpg on the highway. 
But to reach the new 
Corporate Average Fuel 
Economy (CAFE) standard 
of 35 mpg by 2020, the 
Detroit Three— and every 
other automaker— will 
need smaller, more 
efficient engines. In 
the years to come, the 
gasoline-fueled V8 just 
might become an 
endangered species. 
What an irony that 
these incredible machines 
should land now, at a time 
when Detroit is fighting for 
survival. Is this the end of 
an era or a new golden age 
of muscle? Perhaps a bit 
of both. We gathered 
some of the most 
aggressive American iron 



available and tested these 
cars at dragstnps in both 
Michigan and California. 
We logged hours ripping 
gears and connecting the 
curves on the most 
rewarding roads we could 
find. From behind the 
wheel of these machines, 
Detroit's troubles melt 
away as easily as a fresh 
set of tires. 



Just like the old 
days— burning 
some rubber in the 
2010 Camaro SS. 





' %&>£ 
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Eight long years have passed 
since the last-generation 
Camaro rolled off the 
assembly line. So is this new 
one worth that wait? Oh, yes. 
As intertwined as the 
Camaro nameplate is with 
Detroit, the 2010 model isn't 
a Motown native. It's an 
Aussie. The bones come from 
GM's Australia subsidiary, 
Holden. The folks down under 
covet V8s as much as 
Americans do. And thanks to 
those demanding roads in 
the outback, they know how 
to develop a supple rear-drive 
chassis. So this Chevy has 
something no Camaro before 
it has ever enjoyed— an 
independent multilink rear 
suspension. The Camaro SS 
is utterly unflappable. On 
midcorner bumps it stays 
planted and barely notices 
the ripples. The ride is firm, 
communicating the road 
texture through the steering 
wheel, yet it's never harsh. 
The engineers have found the 
right tuning to round off all 
the rough edges. The 
Corvette-derived 426-hp 
6.2-liter V8 and Tremec 
six-speed manual produce 
quarter-mile sprints around 
13 seconds flat. That, folks, is 
very brisk. Compared to the 



BASE PRICE/AS TESTED 

POWERTRAIN 

SUSPENSION <F/R) 

BRACES (F/R) 

ACCELERATION (SEC) 

0-30 MPH 

0-60. MPH 

40-70 MPH 

1 /4-MILE 

BRAKING(FT) 

30-0 

60-0 

EPA FUEL ECONOMV <MPG) 

CITY 

HIGHWAY 



Mustang and Challenger, the 
Camaro is the quickest pony 
on the field. The SS has nearly 
Porsche-level stopping 
power— huge Brembo discs 
stop the car from 60 mph in 
only 107.8 feet. The Camaro 
has this year's most striking 
wrapper too. The 1967 cues 
are certainly present, but all 
the shapes have been pulled 
forward into the 21st century. 
The interior continues the 
vintage theme, especially the 
optional gauge panel located 
in front of the shifter. The 
interior is devoid of wind 
noise, road impacts are 
merely subdued thumps, and 
unless you floor the throttle, 
the V8's music is muted. As 
much as we appreciate this 
gentility, is the Camaro 
a little too polished to be 
classified merely as a 
muscle car? Perhaps. © 



$30,995/335,000 (est.) 
426 hp/420 Ib-ft 6.2-liter V8, 6M 
Independent strut/multilink 
14.0-in. disc/14.4-in. disc 



2.23 

4.90 

3.0 

13.02 ©111.4 mph 



26.6 
107.8 



16 

24 




The Mustang is fresh from 
a mild redesign. I| 



ut every Mustang 
fan knows the powertram. The 
4.6-liter V8 now makes 315 
hp. Okay, so, compared to the 
larger-displacement competi- 
tion the Mustang seems, well, 
wimpy. But the key to the 
Ford's persona and perfor- 
mance is weight— or more 
precisely, lack thereof. The 
3500-pound Mustang GT is 
about 400 pounds lighter than 
the Camaro SS or Challenger 
R/T. So the relatively modest 
power meant we blew past 60 
mph in 5.6 seconds and ran 
through the quarter-mile in 



13.9 seconds. The 4.6-liter 
sounds tough rumbling down 
the street, with an amplified 
version of the traditional V8 
howl any motorhead kid will 
peg as a Mustang from three 
blocks away. The braking 
performance was rather 
unexpected: At 60 mph it 
stopped in 110.8 feet. That's 
only 3 feet longer than the 
Camaro. The Mustang is 
comparatively small too. So 
even with a solid rear axle, it 
feels light, tight and nimble. 
The Mustang encourages 
you to press it hard through 
twisty roads and isn't isolated 



or hushed. There's a 
mechanical rawness that 
feels— old-school. The tradeoff 
is, of course, ride quality. While 
the Dodge and Chevy muffle 
big bumps and freeway 
imperfections, the Ford 
transmits every one of them to 
your backside. The Mustang is 
a rough-and-tumble street 
hustler— somewhat unrefined, 
but packing lots of attitude. © 



BASE PRICE/AS TESTED 

POWERTRAIN 

SUSPENSION <F/R) 

BRAKES (F/R) 

ACCELERATION (SEC) 

0-30 MPH 

0-60 MPH 

40-70 MPH 

1 /4-MILE 

BRAKING(FT) 

30-0 

60-0 

EPA FUEL ECONOMY (MPG) 

CITY 

HIGHWAY 




how we 



This roundup of Amencan muscle was a logistical puzzle that involved performance testing four cars in 
Detroit and two in California. Time constraints prevented us from performing fuel-economy or handling tests. 
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SE PRICE/AS TESTED 

POWERTRAIN 

SUSPENSION (F/R) 

BRAKES (F/R) 

ACCELERATION (SEC) 

0-30 MPH 

0-60 MPH 

40-70 MPH 

1 /4-MILE 

BRAKING<FT> 

50-0 

60-0 

FUEL ECONOMY (MPG) 

CITY 

HIGHWAY 



S30.945/S37.410 (RAT) 
376 hp/410 Ib-ft 5.7-liter V8, 6M 
Independent strut/independent coil spring 
13.6-in. disc/1 2.6-in. disc 



2.56 
6.39 
4.44 

14.44 c 

32.7 
126.89 

16 
25 






i97.12mph 



the 



The Chalk < 
, retr 



more like the original 
design— than either the new 
Camaro or Mustang. When a 
Challenger rumbles past, you 
notice the aggressively inset 
front grille, the trunk- 
spanning taillights and the 
taut greenhouse. It's a 
stunningly cool design. 
Underhood is the glorious 
Hemi V8 that displaces 5.7 
liters in R/Ttrim and makes 
376 hp. That's plenty to light 



o 



up the fat rear tires. The more 
expensive SRT8 packs 
425 hp, the same as the 
legendary 1970 Hemi. But 
today's fuel-injected, 
computer-controlled Hemi 
has none of the sins of its 
cantankerous, carbureted 
precursor. Throttle response 
feels instantaneous. Coupled 
with the six-speed manual 
and pistol-gnp-style shifter, 
the Challenger SRT8 clears 
60 mph in 5 seconds and 
given enough blacktop, runs 
to 170 mph. That's fast, but 
the Challenger's Achilles' heel 
is its heft. Full of fuel, a V8 
Challenger weighs around 
2 tons. That's a lot of mass for 



even the mighty Hemi to 
overcome. The Challenger feels 
big— it's only 2.4 inches shorter 
than its sedan sibling, the 
Charger— and a bit ponderous 
to whip through a snaky road. 
But the payoff is a resilient ride. 
That touch of compliance 
doesn't spoil the steering or the 
competent handling. Rather, 
the 5RT8 bites crisply into 
corners. The Challenger offers 
a bit more room in the rear 
seats and trunk than its rivals. 
It's the practical ponycar. The 
R/T starts at $30,945, but to 
keep up with the Camaro SS 
you have to upgrade to the 
$42,645 SRT8. The good 
news? It's luxury-car loaded— 
so there's no need to sacrifice 
anything but your paycheck for 
that Hemi V8 rumble. I 





The two cars share the same 
basic DNA— that Holden 
platform— but the Camaro's 
been through a more recent 
round of development. Yet the 
Pontiac G8 GXP simply brims 
with character. It's alive with 
V8 vibrations that gently rock 
the body at every prod of the 
throttle. This GXP, oddly, feels 
more like a Camaro than the 
actual Camaro. The Pontiac 
has the same 6.2-liter V8 as 
the Chevy but delivers about 
10 hp less. No matter, the 
heavier G8 scorches to 60 
mph in only 4.9 seconds. Just 
as m any proper muscle car, 
the V8 dominates your 
environment. So switch off 
the stability control, goose the 
throttle, and you can 
effortlessly drift around in a 
glorious, tire-shredding power 
slide. There's an eagerness to 
the G8 that the Camaro lacks, 
like it's atthe end of a taut 



BASE PRICE 

AS TESTED 

POWERTRAIN 

SUSPENSION (F/R) 

BRAKES (F/R) 

ACCELERATION (SEC) 

0-30 MPH 

0-60 MPH 

40-70 MPH 

1 /4-MILE 

BRAKING(FT) 

30-0 

60-0 

EPA FUEL 

ECONOMY (MPG) 

CITY 

HIGHWAY 



t 39,995 
40,690 
415hp/415lb-ft 
6.2-liter V8.6M 
Independent strut/multilink 
14.0-in. disc/12.8-in. disc 

2.17 
4.88 
3.53 
13.11 @i 108.93 mph 

27.67 
111.01 



14 
20 



leash, waiting for the release. 
Best of all, this visceral ride 
has four doors and fits four 
full-size adults; the trunk 
offers 17.5 cubic feet of 
space, enough for four 
weekend bags. In many 
respects, the Camaro is 
the better car. It's quieter, 
smoother, quicker and about 
10 grand less expensive. It's 
best summed up like this: We 
respect the Camaro, but we 
lust for the G8 GXP. O 







CORVETTE ZR1 



the 



ASE PRICE/AS TESTED 

POWERTRAIN 

SUSPENSION (F/R) 

BRAKES (F/R) 

ACCELERATION (SEC) 

0-30 MPH 

0-60 MPH 

40-70 MPH 

\ /4-MILE 

BRAKING(FT) 

30-D 

60-0 

EPA FUEL ECONOMY (MPG) 

CITY 

HIGHWAY 



$106,520/3116,520 

638 hp/604 Ib-ft 6.2-liter V8, 6M 

Independent leaf spring/independent leaf spring 

15.5-in. disc/15.0-in. disc 



1.87 
3.70 
2.15 
11.50 ©127.82 mph 



24.02 
94.98 



14 
20 



The price is shocking- 
$106,520- 



ut in all performance 
categories, the Corvette ZR1 
reigns supreme. It'll leap to 
100 mph in just 7.8 seconds 
and pass 150 before your 
neighbor's minivan hits 
freeway speed. So how does 
this mega-Vette deliver such 
astonishing thrust? The V8, 
designated LS9 by GM, is fed 
by an Eaton supercharger to 
build an incredible 638 hp. 
Rest assured, electronic 
launch-control can automati- 
cally limit wheelspin and help 
you produce near-NHRA- 
quality launches. Should you 
get m overyour head on a 
twisty back road, the stability 
control system will keep you 
from the ragged edge. A large 
part of the ZRl's excellence 
comes from lightweightmg. 
The frame is aluminum; some 
body parts are carbon-fiber. 
So the ZR1 weighs just 3340 
pounds, hundreds less than 
even more expensive exotics. 
Supercars can be punishing on 
the street, yet the ZR1 is 
planted, confidence-inspiring 
and nearly as smooth-riding as 
a plam-vanilla Vette. We're 
pining for another chance to 
slide behind the wheel. © 
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Spring cleaning around the home and 
shop may not be fun, exactly, but it is 
necessary. If there's any pleasure to 
be found in the work, it's in handling it 
efficiently. You already have a can-do 
attitude, otherwise you wouldn't be 
reading PM. And chances are you 
own a shop vacuum, and maybe a 
pressure washer. Here's the battle 
plan to win this dirty war. 



Indoors 
O 



SAWDUST AND 



WORKSHOP CLUTTE 



Ihe chief culprit in workshop mess is 
sawdust. It's slippery underfoot and 
dangerous to breathe, so making 
short work of it should be your first 
priority. Begin by suiting up. Wear a 
dust mask and old clothes or, better 
yet, coveralls. Yeah, we know, it's 



something out of your dad's genera- 
tion—but keeping a pair of coveralls 
hanging in the shop will make it eas- 
ier to keep clean. Store them there 
to keep grime out of the house and 
cut down on dusty laundry. Your dad 
was right about a few things. 

Begin sawdust cleanup by work- 
ing from the top of the shop down. 
Brush or vacuum off the tops of 
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hanging fluorescent shop lights. Speed 
thejob along by buying an extra length 
or two of hose for your shop vacuum, 
enough to reach every corner of your 
shop. This makes post-project cleanup 
quick and easy; instead of having to roll 
the vacuum cleaner around the shop, 
you simply walk the hose around. 

Once the floor and shelves are free 
of dust, turn your sights on bench-top 
clutter. Make sure every tool has a 
home by hanging hand tools on peg- 
board or storing them in boxes, but 
keep tools you're using in a plastic 
tote. That keeps them portable— and 
off the bench top. You can put them 
away when you're done. 



zj GARAGE FLOOR 



You're better off dealing with spilled 



lubricants and auto fluids while they're 
still liquid. They're a lot easier to 
remove in that form than after they've 
soaked into a concrete floor. Sprinkle 
on an absorbent powder— while every- 
one has heard of using kitty litter, you 
can also try dry cement or sawdust. 
Leave it for a few hours, then sweep 
up. If you really want to do a thorough 
cleanup, wet the area and sprinkle 
liquid dishwashing detergent, such as 
Cascade. Wait a few minutes. Pour 
boiling water on the area and scrub 
with a stiff-bristled brush. Then rinse. 



3J BASEMENT MOLD 



A moldy basement is a sign that you've 
got a moisture problem. So don't 
bother cleaning until you've found the 
cause and completed foundation 




KNOW YOUR STUF 



Cleaning Toolkit 



rQR BEST RESULTS, HATCH THE CLEANER TO 



Chlorine-bleach- 
based cleaners 



A University of 

Michigan study 

concluded that 

bleach kills bacteria 

by attacking their 

proteins. Bleach 

also breaks apart 

light-absorbing 

molecules, 

lightening 

dark-colored stains. 

Of course, chlorine 

can also attack 

dark-colored fabrics 

or surfaces, 

discoloring them. 



SOAP SOW 



Acidic cleaners 



Soap scum is an 
alkaline precipitate, 
a layer formed after 

the water has 
evaporated, leaving 
behind a thin layer 
of soap and mineral 

particles. Acid- 
based cleaners such 
as vinegar and 
CLR (calcium lime 
rust) attack soap 
scum's alkaline 
chemical bonds. 



UREASE 



Dish detergents, 

powdered or liquid 

alkaline cleaners, 

solvents 



Detergents contain 

surfactants, 

additives that 

reduce water's 

surface tension and 

help it dissolve the 

chemical bonds of 

grease molecules. 

Alkaline cleaners, 

such as dish 

detergent, attack 

greasy and oily 

acidic deposits. 

Solvents loosen 

molecular bonds, 

allowing grease and 

oil to be blotted up. 



Powder or liquid 

alkaline cleaners, 

such as those that 

contain ammonia or 

trisodium phosphate 



Alkaline cleaners 

break up and 

suspend soil 

molecules in water, 

allowing dirt to be 

flushed or scrubbed 

from a surface. 



repairs and drainage projects. After 
that's out of the way, cleaning is a piece 
of cake. Kill mold and mildew by mop- 
ping with a solution of a half-cup to 
1 cup of chlorine bleach to 1 gallon of 
water. A squirt of nonammoniated dish- 
washing liquid will help lift the mold and 
mildew from the surface. Rinse, then 
pick up standing water with a shop 
vacuum. Blot up what remains with old 
towels. Evaporate remaining moisture 
by circulating the air with fans. 

OQxnEi 

Don't feel bad if you've got moldy 
bathroom grout and tile. It can happen 
even if you clean conscientiously. We 
have a home-brewed formula to han- 
dle it (though you shouldn't use it on 
colored grout). Make a paste of Bon 
Ami Polishing Cleanser and chlorine 
bleach diluted with water. Ironically, 
people buy Bon Ami because it doesn't 
contain bleach or harsh abrasives, yet 
it's these qualities that make the prod- 
uct an ideal foundation for a bleach- 
based poultice. Scrub the paste over 
the tiles with a soft brush. Let it dry, 
and nnse it using a brush and a pail of 
water. Wash off the hazy residue with 
a damp cloth, and wipe dry. 



Sure, the brick inside a fireplace is 
meant to get dirty. On the other hand, 
if it's really grubby, a good scrubbing 
goes a long way to brightening the 
room that it's in. First put on a dust 
mask and sweep up ashes and cin- 
ders. If needed, use a spray bottle and 
apply a fine mist of water to keep the 
dust down. Don't apply so much 
water as to create a slurry. To remove 
smoke stains, mix a half-cup of triso- 
dium phosphate (TSP) in a gallon of 
hot water, or use a commercial scour- 
ing powder that contains bleach. Use 
the spray bottle and wet the brick- 
work with water, so that it won't 
sponge up whichever cleaning agent 
you choose. 

Now, scrub with a stiff-bristled plas- 
tic or natural-fiber brush. You may be 
tempted to use a wire brush to scrub 
off the deposits, but don't do it. The 
brush is likely to damage mortar. Rinse 
the surface with warm water and 
blot the crud that comes off with rags. 



pm Dry home 

CLEANING HOUSE 



Outdoors 
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Few things are as unappetizing as 
starting a nice family cookout on a 
nasty-looking grill. So scrape off the 
big stuff with a putty knife, then spray 
the grates with a noncaustic oven 
cleaner. Seal them up in a plastic gar- 
bage bag and let them sit overnight. 
Scrub with a brass brush and rinse 
with a garden hose; then get on with 
the family feast. 



ALUMINUM AND 



Dirty siding: bad. Clean siding: good. If 
only this job were that simple. Begin 
by covering outside light fixtures or 
electrical outlets with plastic bags. 
We admit that this next part sounds 
odd, so bear with us. Minimize streak- 
ing by washing the siding from the 
bottom to the top. Otherwise, the 
streams of solution racing down will 
leave hard-to-remove streaks. Rinse 
the opposite way— from top to bot- 
tom. Yes, pros often dojust the oppo- 
site, but if you don't do this for a living 
and don't have the eguipment and 
experience to move very quickly, fol- 
low our advice. Don't overlook the 
bottom edge of lap siding, soffits or 
anywhere that dripping water can 
cause a buildup of dirt. 

To clean aluminum siding, use triso- 
dium phosphate (TSP) and warm 
water. Use a soft brush and don't scrub 
so vigorously that you remove the fin- 
ish. For vinyl siding, gentle scrubbing 
with some warm water and a little 
dishwashing liquid should do the trick. 

For mildew-covered siding, try a 
product like Jomax House Cleaner 
and Mildew Killer. It's added to a 
solution of warm water and bleach 
and applied with a garden sprayer. It 
can often remove dirt and mildew 
without scrubbing. 



ASPHALT DRIVEWAY 



Do yourself a favor— tackle this job in 
the morning, while it's still cool. Use a 
broom and a leaf blower to remove 



NOW YOU KNOW 

Nozzle Knowledge 

Forjobs around the house 
and yard, a pressure 
washer that operates at 
1200 to 3000 psi is all 
you need. It's light-duty 
compared to those that 
operate at 4000 or higher, 
but it's still got enough 
power to do damage or 
cause injury. To use it 
correctly, first choose the 
right color-coded nozzle. 



Do: Wear long pants, 
gloves and protective 
eyewear. 

• Hold the nozzle 6 
inches to 1 foot above 
the surface, or per the 
manufacturer's directions. 

Don 't: Spray against 
glass windows or doors 
or direct the spray upward 
when cleaning lap siding 
or sidewall shingles. 

• Spray against electrical 
meters or network boxes 
for phone or cable service. 



leaves and dirt You've been waiting for 
a good use for those old recip saw 
blades you can't part with. Here's one: 
Use them to rake weeds and dirt out 
of cracks. Mix up some general house- 
hold cleaner, such as Spic and Span, in 
a bucket with warm water, and scrub 
with a stiff-bristled broom. Rinse well 
with a garden hose. To keep out weeds, 
fill cracks with asphalt crack sealer. 



9J FENCES AND DECKS 



If you're well expenenced with a pres- 
sure washer, you can carefully work 
your way over the surface with a 
25-degree spray nozzle. For the inex- 
perienced, scrubbing by hand is more 
likely to clean, not splinter, the wood. 

Before you begin, thoroughly rinse 
nearby siding, trim and doors using a 
garden hose and spray nozzle. Wetting 
these surfaces prevents debris from 
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O" Nozzle 

Cuts dried mud 

off machinery or 

attachments. 

/ 

15° Nozzle 

Removes 

caked-on dirt, 

grass. Strips 

weakened paint. 

25° Nozzle 

Scrubs patios, 

sidewalks, decks. 

Cleans debris 

from crevices. 

/ 

40° Nozzle 

Cleans and 

rinses. 



65° Nozzle 

Applies a mixture 

of cleaning 

chemicals and 

water. 



sticking to them. Next, mix 1 cup of 
TSP, 1 cup of liquid bleach and 1 gallon 
of warm water. Work a small area, 
then rinse before moving to the next, 
to ensure uniform cleaning. 



iqj LAWNMOWERS 



If you've come this far, a little more 
cleaning won't kill you. Dried clippings 
block airflow above the mower's deck 
and hold moisture below. Brush them 
off the deck and from between the 
engine's cooling fins. Disconnect the 
lead from the spark plug, tip the 
mower on its side and scrape under 
the deck with a putty knife, and then 
rinse it with a garden hose. Tip the 
mower down; remove the engine 
shroud and vacuum the area clean 
with a shop vacuum. Remember to 
reattach the plug wire, though, or you'll 
never get that mower to start pm 
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CleanStream 

\l PRO 
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Sawdust. Drywall dust. Or just plain dust. It invades your workshop, threatening to take over. 

But with CleanStream* Pro Filters on your side, dust doesn't stand a chance. CleanStream adds true HEPA filtration 

to your wet/dry vac. So no matter what kind of dust you're sucking up, 99.97% of even the finest particles, down to 

0.3 microns, are kept out of the air. CleanStream won't clog, and it lasts longer than any other filter out there. 

We even have a one-year guarantee to prove it. Declare victory over dust today. With CleanStream. 



CleanStream 



Available at 



www.cleanstream.com 



Wei/Dry Vac Filler 




Cleanstroam and GORE am registered trademarks of W.L Gore & Avwciates, Inc. 
© 2008 W.L Gore & Assooatos. Inc. 
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Cutting 



Assembly 



Installation 



I crosscut the 1 x 8s to length using 
a miter saw. I cut the bottom, back and 
front of the window box to 36 inches 
long, and the two ends to SM inches. 
The cleats, which mount to the house 
and support the box and braces, are 
13 inches long. I used a table saw to rip 
the back to 6 inches wide, the bottom to 
&A inches, and the two cleats to 2Vn [1]. 

To create the box's slanted front, I 
adjusted the bevel angle of the table- 
saw blade to 15 degrees and bevel- 
ripped both edges of the front panel [2]. 
I adjusted the blade back to vertical, 
set the table saw's miter gauge to 15 
degrees and made the angled cut to 
both window-box ends. I smoothed the 
cut edges with 80-grit sandpaper. 

Next, I used a drafting implement 
called a French curve to draw the profile 
of the braces onto paper. I cut the paper 
along the curve, then traced the shape 
onto Vi-inch pine, and cut along my line 
with a saber saw [3]. I sanded the curved 
edges smooth using a drum sander in a 
drill press. You can also use the "nose" 
of a belt sander, or do it by hand. 



To add a decorative touch to the curved 
profiles, I routed a shallow cove into the 
edges of the braces. First, I clamped the 
router upside down, creating a make- 
shift router table. Then I carefully moved 
the curved edges of each brace and 
cleat along the bit [4]. 

Using an orbital finishing sander 
fitted with 120-grit sandpaper, I sanded 
each piece smooth. Using lW-inch 
stainless-steel trim-head screws, I fas- 
tened the back to the bottom, and then 
attached the two ends, which were inset 
% inch [5]. (When driving a screw close 
to the end of a board, stay within 
3 inches or so, and be sure to drill Vi-inch- 
diameter screw-pilot holes to prevent 
the wood from splitting.) Using lMi-inch 
trim screws, I fastened the front panel to 
the bottom and to the angled ends [6]. 

I used exterior-grade wood putty to 
fill the screw holes in the front panel. 
Once the putty dried, I hand-sanded 
it flush with 120-grit paper. Using a 
Vb-inch-diameter spade bit, I drilled six 
drainage holes through the bottom of 
the window box. 



I attached the braces to the cleats 
with Vs-jnch stainless-steel trim-head 
screws driven through the back of the 
cleats U\. The braces were centered on 
the 2M*-inch-wide cleats, and placed 
lVio inches from the bottom edges of 
the cleats. I then primed and painted. 

To install, I drilled two counterbored 
screw-pilot holes through each cleat at 
2V4 inches and 5V4 inches from the top 
edges. Holding a plumb level vertically 
against the first bracket, I used 3-inch 
decking screws to mount it 1 inch down 
from the windowsill and 5 inches in from 
the window-frame edge. With a 4-foot 
level across both brackets, I installed the 
second one just as I had the first [8]. 

I set the box in position, then cen- 
tered it against the window and brack- 
ets. I drilled counterbored pilot holes 
through the upper back of the window 
box at each cleat. I then fastened the 
box to the cleats with lM-inch decking 
screws, driving near the top so I could 
remove the box without emptying it [9]. 
Then I filled the boxes with a potting-soil 
mix made specifically for containers. 




2H" 



Saw blade 
offset 15 
degrees 



PLANS 8 
MATERIALS 




Key No, Size and Description 

A 2 8-foot 54-inch clear pine 1x8 

B 1 4-foot M-incfl clear pine 1x8 

C 18 lMi-inch steel trim-head screws 

D 4 Mi-inch steel trim-head screws 

E 4 3-inch decking screws 

F 2 lVl-inch decking screws 



Usage 

Cut to make five sides of the box and two cleats 

Cut and routed into two braces 

Attach the back, bottom, front and sides of the box 

Attach the braces to the cleats 

Attach the cleats to the house 

Attach the box to the cleats 



(Votes: A circular saw can be used in place of the miter saw and table saw mentioned in steps 1 and 2. If your house 
has vinyl, aluminum or fiber-cement siding, prevent damage by boring screw-pilot holes before mounting the cleats. 




Stain Selection 

I used two coats 
^- of exterior-grade 

primer and three 
coats of acrylic latex 
to paint my clear pine 
boxes, but I would 
have stained them if 
I had used red cedar 
or redwood. Both 
species accept stain 



well and are naturally 
resistant to decay. 

There are generally 
three tinted types of 
stains: semitransparent 
(1), semisolid (2) and 
solid (3). As you move to 
more solid stains, hue 
can change as pigment 
concentrations increase. 



More pigment offers 
more protection, 
but it obscures the 
woodgrain. Clear and 
semitransparent stains 
allow the wood's grain 
to show. They're less 
protective, though, and 
require more frequent 
reapplication. 




Mowable Borders 

A house nearby has concrete curbs around its flower 

Qbeds, and the owner can run the wheels of his mower 
along them— this cuts back on the time he spends with 
a string trimmer. Can I install these curbs? 

A Yes, you can install a border that 
you can mow along, though the 
concrete variety you describe is best 
left to the pros. It requires tremendous 
labor to install, and an expensive rolling 
extruder that you'd either have to rent 
or buy through an industrial supplier or 
landscape supply company. The 
machine operator shovels concrete 
into the top chute and the curb machine 
forms the concrete into the shape that 
curves around the flower beds. 

But setting that aside, you can con- 
sider a range of DIY options, from land- 
scape timbers and pressure-treated 
lumber rated for ground contact to 
masonry, such as Pine Hall Brick. For 
long, straight runs, these bricks can be 
laid side by side horizontally, without 
mortar, but they should be mortared 
together if you want to curve them 
around flower beds. The brick can also 
be mortared vertically at the edge of a 
walkway or patio. This forms a graceful 
border to a patio or walk while produc- 
ing a narrow mow strip. Also, take a 
look at Substiwood, a lawn edging 
made from concrete, recycled fly ash 
and shredded carpets. It's half the 
weight of concrete and can be readily 
sawed to length as well as nailed or 
screwed together. 

You don't need much in the way 
of tools to undertake this project: a 
shovel, stake and strings plus basic 
masonry tools and a wheelbarrow if 
you go the brick-and-mortar route. 



Km 
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Rusty Gutter Hardware 

The screws on my gutters and 
downspouts are rusty, as are some 
of the hanging straps. The gutters 
work fine, they just look crummy. 
Can I replace the hardware, but not 
the entire gutter? 
You'll find the replacement hardware 
you need at any home center gutter 
screws and ferrules (the tubes the 
screw runs through), hexhead screws 
with a white finish (known in the gut- 
ter trade as zip screws) and straps 
for the gutters and the downspouts. 
If you can't find the parts there, 
search under "gutter supply" on the 
Web. Finding the replacement parts 
is easy, but removing the rusty hard- 
ware may not be. Get a X-inch nut- 
driver tool to remove hexhead 
screws and be prepared to clip off 
fasteners that are rusted in place. 

Nuisance Trip 

The GFCI outlet in the garage trips 
when I turn on my compound miter 
saw to do a little woodworking. 
The house is new, and all the wiring 
in it and the garage was done by 
professionals. The saw is also new. 
What could the problem be? 
When a ground fault circuit inter- 
rupter (GFCI) trips, first check the 
device that's plugged into it— the 
outlet probably is telling you that 
something's wrong with your saw, 
perhaps a small short in the motor 
or at its tngger. 

It's tempting to think the GFCI's 
to blame, but I doubt it. Yes, GFCI 
outlets do have a reputation for 
tripping easily— especially when 
confronted by large motor loads. 
That rap was deserved by the first 
generation of GFCI receptacles. But 
requirements instituted by UL in 
2003 and 2006 have pretty much 
solved the problem. These days, 
when a GFCI is repeatedly tripped, 
it's likely the load. 

A case in point is the time- 
honored beer fridge chugging away 
in the garage— and periodically trip- 



ping the GFCI. Lots of homeowners 
and electricians assume this hap- 
pens because the device can't 
handle the load of the fridge's com- 
pressor motor. But when GFCI 
manufacturer Pass & Seymour 
Legrand looked into this, it learned 
that the problem was that older 
appliances can leak current in the 
defrost cycle. A GFCI operates by 
comparing current headed toward 
the electrical load to the current 
returning on the neutral wire. If they 
are not equal, the device trips to 
prevent further current flow. 

If the saw really is okay, investi- 
gate the electrical box where the 
GFCI is installed. Look for a loose 
splice on the neutral wire. Also, 
make sure excessive insulation 
wasn't stripped from the neutral— 
this could expose enough conductor 
to create current leakage where the 
stripped wire touches a bare ground- 
ing wire or the side of a metal box. 

Summer Hot Water 

We're happy with our old oil-fired 
boiler, which supplies our hot 
water, but we'd like to save energy 
and reduce oil use by not firing it 
this summer. Is an electric water 
heater the way to go? 
Installing an electric water heater 
will reduce oil use, but it's not the 
optimal energy solution. "It's just 
much more energy-efficient to heat 
water with fuel than with electricity," 
says Thomas Butcher, a scientist 
who has run extensive studies on 
home heating at Brookhaven 
National Laboratory in Upton, N.Y. 
Heating with electricity is 100 
percent efficient at the appliance, 
but only 37 percent efficient after 
accounting for inefficiencies to gen- 
erate the electricity and transmit it. 
From an energy-saving standpoint, 
consider a new high-efficiency oil- 
fired boiler equipped to produce hot 
water. This also eliminates the need 
for the additional plumbing and wir- 
ing required for a water heater, pm 



got a home-maintenance or repair problem? Ask Roy about it. Send your 
questions to pmhomeclinic@ihearst.com or to Homeowners Clinic, Popular 
Mechanics, 300 W. 57th St, New York, NY 10019-5899. While we cannot answer 
questions individually, problems of general interest will be discussed in the column. 
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JAWHRSE 

Super-wide 37" 
clamp 






Let your 
f not give you 

a hand 



Second set of hands: Whether you're sanding, 

painting, setting fence posts or hanging sheetrock, the 

Jawhorse™ is there when you need a 

hand. Operated by a foot pedal, the 

Jawhorse allows you to keep your hands 

on your project while clamping down 

with over one ton of force. Even difficult 

two person jobs become easy to do by 

yourself when using the Jawhorse™ . The wide, 
4 overhanging jaws can hold a fence post plumb while you 
' backfill the hole. Clamp a simple 2x4 support in the 

Jawhorse and you can easily install cabinets, sheetiock 

and molding all by yourself. 




Sturdy enough to handle heavy objects and precise enough to hold on to the smallest Items: Adaptability is what 
this machine is all about. You can stop and clamp the Jawhorse anywhere along its 37" capacity. From the 
thickness of a playing card to the width of a standard door (up to 37") and even a full 4' x 8' sheet of 
plywood (with the addition of the Plywood Jaw), this machine clamps everything with sturdy precision. 
It's so precise, in fact, that it can even securely clamp a raw egg without breaking it. 
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Adaptability is what 



Portable and sets up In seconds: The Jawhorse is as easy to set up as a folding chair. Its 
three legs and foot pedal easily fold out to create a sturdy work surface even when the ground is 
uneven. You're ready to work in seconds wherever the job is — your shop, your driveway, your 
• J0IS backyard or the jobsite. It even has a built-in roller for quick and easy transport. 



Try a Jawhorse™ risk free for 30 days: There's nothing to lose except the aggravation of not having ono. It will quickly 
become your go-to tool whenever you start a project. To learn more, visit www.JAWHORSE.com to watch a video, and to see all 
of the great Jawhorse accessories for everything from cutting timber to welding. 



ORDER ONLINE OR CALL 
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www.JAWHORSEPM.com 





PHOTOGRAPHS BY CHAD HUNT 



POPULARMECHANICS.COM | JUNE 2009 115 



PM I'lY WTO SQUEAKY BRAKES 



application of pedal immediately makes 
the noise louder. Owww, it's hurting 
your ears. Time to check the brakes. 

It's Music, Man 

Let's make one thing clear right up 
front: Sometimes your brakes will 
make noise. If you expect supreme 
silence, or expect your mechanic to 
make your brakes totally mute in every 
circumstance— that just may not be 
possible. Relax, don't worry. A squeak- 
ing brake can stop a vehicle as quickly 
as a quiet one. 

So what makes the squeal, then? 
Modern brakes use a cast-iron disc 
squeezed between two brake pads 
lined with friction material. Under the 
right conditions, the disc, the pads and 
the caliper they're mounted in can start 
to vibrate— in exactly the same way a 
violin's string vibrates when stroked by 



Brake Hardware 
Nitty-Gritty 



1 This is one 
product we've tried 
that usually works 
to bond brake pads 
to the caliper and 
reduce or eliminate 
squeal. 

2 This sheet-metal 
finger is just long 
enough to contact 
the disc when the 
pads are mostly 
worn out. The noise 
is calculated to 
make you replace 
the pads. 

3 Here are two 
different composi- 
tions of brake pads. 
The one on the left 
is the stock pad 
installed by the 
factory, with a high 
concentration of 
organic fibers and 
brass particles. The 
aftermarket pad 
uses less brass and 
more ceramics for 
longer wear and 
improved braking. 



the horsehairs on the bow. The violin's 
pitch is controlled by the position of the 
violinist's finger on the string, not by 
how hard or fast the bow is stroked. 
Similarly, most brake squeals occur at 
a single discrete frequency. The speed 
of the vehicle and how hard you press 
down on the left pedal will only change 
the volume of noise, because the pitch 
is controlled by the stiffness and mass 
of the pad and disc. 

Inadequate development at the 
manufacturer that leaves brake sys- 
tems prone to noise can usually be 
overcome by a Saturday mechanic with- 
out totally re-engineering the caliper/ 
mount/pad/disc system. We can try to 
damp out the noise, or simply change 
the resonant frequency of the whole 
arrangement until it stops singing in any 
audible frequency. Here's how. 

Normal Pad Noises 

Many brake pad compositions will 
make a swishing or grinding noise for 




the first few stops in the morning until 
the pads warm up and drive off any 
moisture they've accumulated over- 
night. Ever notice a hissing or grinding 
noise on some rainy or dewy morn- 
ings? It's the pads sweeping a thin 
film of rust that's formed on the iron 
discs, and it's perfectly normal. 

In the past, brake pad friction 
material relied heavily on asbestos. 
Unfortunately, asbestos tended to 
give asbestos workers and brake 
mechanics lung cancer, so the indus- 
try has almost completely changed 
over to less dangerous alternatives. 
Kevlar is one material that's seen a lot 
of use, but it tends to be dusty. 
Improved brake performance is more 
important nowadays because of 
increased safety requirements and 
equipment— and the extra road- 
hugging weight that comes along with 
these. That leads to the increased use 
of metallics and ceramics in the brake 
pad friction material. And this stuff 
can make the brakes hiss or even 
grind a little as you slow down. It's a 
small price to pay for increased per- 
formance. So all pad noise is fine, 
right? Hold up there, Sparky, there's 
one brake noise you need to pay 
attention to right away. Many brake 
pads have a small finger of spring 
steel that will scrape on the disc as 
the pad reaches its wear limit. This 
tells you that it's time to change pads 
for fresh, thicker ones before the fric- 
tion material wears completely away, 
and you're trying to slow down on the 
metal backing plates. It's a sound not 
easily confused with brake squeal- 
it's more of a ripping-sheet-metal 
noise, not a single, high-pitched note. 

Silence, Please 

Okay, let's dig in and silence our 
brake noise. One fix is to simply change 
pads to a different type of friction 
material. It's usually hard to beat the 
original-equipment pads for a good 
compromise of pad life, noise, grip, 
dust creation and price, but changing 
to an aftermarket premium metallic or 
ceramic pad just might change the 
interaction that affects the resonant 
frequency of the pad and disc and, lit- 
erally, change its tune. 

Go into any auto parts store and 
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5 REASONS 

why you will sleep better on 
a Sleep Number® bed 

^jYou adjust the comfort and firmness 

At the touch of a button, our handheld remote 
allows you to adjust the bed's firmness to the 
precise level of comfort and support you prefer. 

Q Each side of the bed adjusts independently 

The SLEEP NUMBER® bed lets each of you set the mattress to the 
exact level of comfort you prefer. This is important because nine 
out of 10 couples aren't comfortable on the same bed. With dual 
adjustability there is no need to compromise; couples sleep 
peacefully in individualized comfort. 

Q You can get relief from back pain 

Sleeping on the wrong mattress can irritate, even cause back pain. 
But the comforting air in a Sleep Number bed contours to your 
neck, shoulders, back and hips, supporting your body's weight and 
distributing it more evenly for a more natural spinal alignment. 

Q Air-chamber technology 
provides conforming comfort 

Our patented air-chamber design gently 
cushions your body to more properly support 
your back and spine, and helps reduce 
uncomfortable pressure points. 

Q You toss and turn less 

Tossing and turning is notably reduced on 
a Sleep Number bed, due to its conforming comfort and reduction 
of pressure points. Of owners surveyed, 71% reported less tossing 
and turning while sleeping on the Sleep Number bed. 
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FIRMNESS ADJUSTS ON EACH SIDE 



We have finally found a bed that 
is comfortable for both me and my wife. It is so 
wonderful to be able to adjust the bed and 
not disturb the other person. 

Jim H., Sunnyside, WA 



77% 89% 

Clinically proven 

It's the bed clinically proven 

to relieve back pain, 

improve sleep quality' 

and provide a significant 

decrease in pain, soreness and stiffness. 
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Try it for 30 nights, risk free!* 

We're so sure you'll sleep better, you can 

take up to one month to dedde, or your money back! ! 





For better sleep, CALL NOW! 

1-800-831-1211 



□ YES! Please rush me a FREE Brochure and DVD 
U Umited-Time Bonus-$50 Thank You Gift Card* 
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^•^ by SELECT COMFORT 
Send to: Select Comfort. 9800 59th Ave. N. Minneapolis, MN 55442 9971 



'Descriptions ol clinical studies are available by calling 1-B0O-831-1Z1 1 tConducted at Massachusetts General Hospital by Hatvard researchers, til not satisfied 
after 30 nights, call within 45 days of delivery to arrange return. We'll reimburse the purchase price less your initial shipping or Home Delivery and Setup fees. 
You pay return shipping. No returns or exchanges on Precision Comfort' Adjustable Foundation, closeout or demo bed models. §Restnciions apply Not valid at 
retail partners See gift card for details and expiration date. ©2009 Select Comfort 






PM BIY dVTO SQUEAKY BRAKES 



you'll see a shelf full of potions and 
widgets claiming to cure squeaks. 
One class of products I'm leery of is 
simple aerosols that you spray onto 
the pad's friction material. I have no 
idea if they actually make the squeak 
go away, because I'm unwilling to try 
anything that changes the friction 
characteristics of the pad. Let's not 
forget, the first reason your brake sys- 
tem exists is, in fact, to make your car 
slow down. Anything that could 
reduce that system's effectiveness in 
any way is probably not a good idea. 

Still got noise? Or still have plenty 
of pad material remaining and don't 
want to drop fifty or a hundred bucks 
on a fresh set? You may be able to 
decouple the piston acoustically from 
the pad by purchasing shims made of 
Teflon, which are intended to go 
between the pad and the caliper's 
hydraulic piston. I've tried those shims 
with middling success— sometimes 
they work and sometimes they don't. 
Warning: Some calipers will not have 
enough extra travel in the piston bore 



to allow any shimming without mak- 
ing the brakes drag, at least with 
fresh, unworn pads. 

You can achieve a similar decou- 
pling without Teflon shims by simply 
coating the back face of the pad's 
backing plates with high-temp brake 
grease or even antiseize compound. 
Unlike shims, this tweak won't last 
forever, as water and road dirt will 
wash it away eventually. 

We chose high-end ceramic-based 
pads for our brakejob, hoping the dif- 
ferent friction characteristics would 




4 When installing 
new or old pads, 
sparingly coat all of 
the sliding surfaces 
on the pads, pins 
and hardware with 
high-temp brake 
grease. Use spar- 
ingly, and— duh— 
don't get any on the 
pads or discs. 

5 File, sandpaper 
or grind any burrs, 
extra paint, rust or 
high spots off the 
pads, new or old, to 
be sure the pad will 
slide easily in and 
out as the brakes 
are applied and 
released. 

6 Check out the 
raised areas- 
leftovers from the 
manufacturing 
process. We had to 
file down the steel 
backing plate on this 
aftermarket pad. 



cure the squeal. Surprise, the new 
pads came out of the box fitted with 
Teflon-coated shims already installed. 

Sticky Solution 

Our favorite tweak for squeaks 
relies on a different principle: Instead 
of using shims or lubricants to decou- 
ple the pad from the caliper, stick the 
backing plate to the piston or caliper 
housing, effectively making its mass 
far larger. That will move the system's 
resonant frequency out of the range 
that squeals. A smear of Super Glue 
won't do it: You need something that 
will withstand the water, salt, filth and 
especially the heat that cars see in 
hard everyday use. How hot do brake 
systems get? I've seen brake discs 
glowing bright orange at the bottom 
of Pikes Peak, and flames shooting 
out of the brake drums of trucks 
descending Donner Pass. I've seen 
the brakes on my own race car visibly 
glow right after a few hot laps. 

I've used several products over the 
years, but they're all basically anaero- 
bic adhesives, applied as either a 
lipstick-style film or a toothpaste-style 
goo. The application of this product is 
simple: Remove and clean up the old 
pads, or use new pads. Clean the area 
on the piston and caliper where the 
pad backing plate touches. Apply the 
antisqueal adhesive, reinstall the pads 
and button up. These anaerobic prod- 
ucts will stay gummy until you apply 
the brakes and squeeze out the oxy- 
gen. Then they stick like, well, glue. 

Whenever you're installing any 
brake parts, be sure you remove any 
corrosion or road dirt from the mating 
parts— the brake pad or caliper hous- 
ing needs to be able to slide in and 
out to compensate for wear. Clean up 
any sliding parts, which may require a 
wire brush or a file, until you can push 
the pads in and out with your bare 
hands. I prefer to replace any brake 
hardware (especially on drum brakes) 
that isn't in perfect condition— hey, 
it's cheap insurance. Apply a thin film 
of high-temp brake grease to any slid- 
ing surfaces. Obviously, avoid getting 
anything like grease or antiseize on 
the pad or disc, and clean any greasy 
handprints off the disc surface before 
you hang the wheel on too. pm 
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The All-New Factory Five '33 Hot Rod SEMH 

Complete Package S 1 9,990 200a bosi « show 

The newest Factory Five made its debut at the 2008 SEMA Show in Las Vegas. By the end of the world's 
largest car show, our '33 earned Best in Show-Hot Rod and Best Engineered Product Runner-up, taking its 
place alongside the rest of the award-winning Factory Fives. Don't build one if you're allergic to trophies. 
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Free DVD/brochure 
www.faci(iryfi\c COO 



65 Coupe kit $14,990 



Mk3 Roadster kit $12,990 



GTMSuperear kit SI 9.990 
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Automotive Accessories 



Toyota Tundra 





Side Window 
Deflectors 

for Virtually 
Any Car, 
Pickup, SUV 
or Minivan! 
No Exterior 
Tape Needed. 
Also Available 
in Dark Tint. 



Honda Civic 



Scion XB 



FloorLiner" is made from 
a Sturdy High-Density 
Tri-Extruded Material, and 
is Laser Measured to 



Available for Popular Cars, 

Trucks, SUV's and Minivans in Black, Tan or Gray. 

ties available for: 




Cargo-Trunk Liner Computer Designed Protection for 



Acuta • Audi • BMW • Bulck • Cadillac • Chevrolet • Chrysler • Dodrjn • Ford • GMC • Honda • Hummei • Hyundai • Inlmili " 

Isuru • Jaguar • Juop • Kla • Land Rover • Lexus • Lincoln • Mazda • Mercedes-Benr • Maraury • Mini • Mitsubishi • Nissan i 

I Oldsmoblle * Plymouth * Ponllac * Porsche • Saab • Saturn » Scion * Subani » Suzutii » Toyota * Vollawagon * Volvo « And Mute! 



2435 Wisconsin Street • Downers Grove, IL 60515 • 630-769-1500 • tax 630-769-0300 

02m U*Mal! ftttimn Proauu UHH 




Chevrolet Malibu 

All-Weather Floor Mats for Virtually Any Car, 
Pickup, SUV or Minivan! Available in Black, 
Tan or Gray. 
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OTI V E 
PRODUCTS LIMITED 



Specialists in Original Equipment and 
Attermarket Automotive Accessories 



800-441-6287 



WedttIferTecli.com 




This bolt-drilling fixture accepts 
hex and Allen bolts of several sizes. 
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Staying Tight 

Ql registered to take my sportbike to a track day so I could 
improve my street-riding skills, but the rules said I have to 
safety-wire a bunch of stuff, like the caliper bolts and the 
oil-drain plug. I don't even know what safety wiring is. Help! 



A Safety wiring was developed for 
the aircraft industry, to prevent 
critical fasteners from loosening in 
midfhght, which might ruin a perfectly 
good vacation, no? Thin stainless-steel 
wire is used to tie bolt heads and other 
fasteners to each other to prevent 
them from unscrewing themselves. I 
use this technique all the time on rac- 
ing cars and motorcycles, because the 
vibration can eventually overpower 
even a properly torqued bolt. The proc- 
ess also ensures that everything has 
been assembled to its final torque 
spec, because you can simply go over 
the vehicle with a checklist and visu- 
ally verify the presence of the safety 
wire without having to get out a 



socket or wrench and trying to tighten 
every fastener. The hardest part of 
installing safety wire is cross-drilling 
the bolt heads. That tiny '/e-inch drill 
bit snaps easily, usually just as the bit 
is exiting the far side of the bolt. This 
will not only ruin the dri II bit, but poten- 
tially an expensive, high-quality bolt 
too— if you can't get the bit loose. I 
use a really neat drilling fixture from 
Graham Tool (grahamcool.com) and a 
cheap drill press, which makes the 
procedure easy. Clamp the bolt head 
to the fixture and clamp the fixture to 
the drill press table. A careful guy 
could do it with a bench vise and a 
hand drill, but skip the coffee that 
morning to keep your hand steady. 



How to Install Safety Wire 



1. Start safety wiring 

by cross-drilling, or 

buy cross-drilled 

hardware. This fixture 

uses a collet to hold 

the bolt head steady 

and guide the drill. 

2. There are special 
safety-wire pliers for 

installing the stuff, 
but you can do it with 

some small locking 
pliers. Wrap and twist 

the wire from one 

bolt to the next so 

the bolt heads can't 

come undone without 

removing the wire. 



Install the bolt and torque it prop- 
erly. If the hole doesn't line up correctly, 
you may have to drill a second hole, or 
swap the bolt with a different one. I 
generally use 0.032-inch aircraft stain- 
less lock wire, which you can get at 
most speed shops or aircraft supply 
houses. Iron "mechanics wire" won't 
do. A handy item if you're doing a lot of 
safety wiring is special safety-wire 
pliers used to cut, clamp and twist the 
wire. Lone fasteners that don't have a 
nearby partner may require that you 
drill a hole in a nearby bracket, or add 
some other type of stationary point to 
thread the wire through. 
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PHOTOGRAPHS BV CHAD HUNT 



e PlasmaCAM* machine makes 
it easy for you to cut 
intricate metai projects. 
Cail today for your 
FREE demo video to see 

I what you can do with this 
amaziny machine! 



"While shopping, my wife saw mi 
expensive metal table she liked. I offered to make hi 
one. hut with my own design <& style. Even with litt, 
metalworking experience. I imported my sketch and 
out the metal table - all in one piece and with no at 
materials. The table came out just how I imagined! 
several people want to buy my table design. Now I < 
make my ideas into unique & profitable projects using th 
PlasmaCAM*!" 

-Dennis Cordova, Amateur Metalworker 





(719) 676-2700 • fax (719) 676-2710 • www.plasmacam.com 
PO Box 19818 • Colorado City, CO 81019 
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Smooth-as-Glass surface 

Makes waxing 

easier & longer lasting 



People who 
love cars, love 



PM DIY AUTO III CAR CLINIC Q+A 



Used or Used Up? 

Is using a secondhand 2 sensor in 
my car okay? Could I use an old 
one that I got from a boneyard 
and, if so, how much would it 
cost? I've been told that new 
sensors could run at least $250 to 
$300, including installation. 
I'll never reinstall a used oxygen 
sensor from a different vehicle— or 
try to clean one and reuse it. A 
poorly running engine can damage 
a sensor permanently, and a few 
months of storage in a damp, 
muddy junkyard won't do it much 
good, either. Older oxygen sensors 
get lazy, and take longer to swing 
up and down in response to 
changes in the oxygen content in 
the exhaust stream. Are you willing 
to bet that junkyard sensor is any 
better than the one you're replac- 
ing? There's no way to test them 
except in a running engine. 

I could give you a better idea of 
the price of a new sensor if you had 
bothered to mention the make, year, 
model and engine of your car. How- 
ever, I can find new oxygen sensors 
for most vehicles for $30 to 



each. You may have as few as one 
or as many as four in your car. The 
labor to change all four of them 
shouldn't be more than an hour. So, 
replacing all four might close in on 
$250, depending on your specific 
vehicle. That sounds a lot cheaper in 
both the near and long term than 
your used-oxygen-sensor scenario. 

Up in Smoke 

My son was driving near our 
home and said his car suddenly 
lost heat and started to smoke. 
When I got it apart the heater- 
hose fitting going into the block 
was broken off. 

I replaced the fitting and the 
hose, and filled the system with 
water to do a pressure test. I could 
hear a hissing sound but couldn't 
pinpoint where it was coming from. 
There's no antifreeze in the oil, but 
the engine won't turn over. Do you 
think the engine is locked up? 
Yes, I do. D'ohl 

I was strongly tempted to leave it 
at that four-word reply, but I'll take 
this opportunity to point out that 
your failure scenario is fairly typical— 



NEED T . 

Calipers That Do Math 



I've got three different sets of 
calipers in my toolbox. There's 
an old-fashioned set of vernier 
calipers in metric and a pair of 
matching dial calipers in metric 
and inch spec. The DC-1 from 
Park Tool (parktool.com) is 
going to replace them all. It's a 
fairly ordinary set of digital cali- 
pers, switching instantly from 
inches to millimeters at the touch of a button, 
and it's accurate to a hundreth of a millimeter. 
Press the scale button a third time and it 
reads in fractions of an inch, down to 128th of 
an inch. This is a major timesaver, especially 
when you're working on one of the original 
"hybrid" cars— the ones that were made in the 
late '70s and '80s with a mishmosh of metric 
and inch-size fasteners. 



Inches 




Metric 



you've got a blown engine. 
Here's what happened. 

It started with a cata- 
strophic loss of coolant— 
which must have sprayed 
all over the underhood area, 
creating a lot of steam 
and that unmistakable hot- 
Log-Cabin-syrup-in-a- 
Turkish-bath smell. Shame 
on your son for not stopping 
and checking. Next symp- 
tom is the loss of heat, 
caused by the level of cool- 
ant dropping below the 
point where the water 
pump could circulate it 
through the heater core. The 
smoke is from oil working 
its way up the cylinder walls 
past the melting piston 
rings, scuffed piston skirts 
and scored cylinder walls to 
burn in the combustion 
chambers. That hissing 
sound is the compressed air 
you're pumping into the 
radiator. It's escaping from 
blown head gasket(s), 
because the cylinder head 
or heads are warped. Now, 
air is escaping from many, 
many places— which is why 
you can't pinpoint it. The 
starter won't turn it over 
because the pistons have 
welded themselves to the 
cylinder walls. 

Bottom line: That engine 
is toast, and probably not 
worth rebuilding. It'll need 
new pistons and rings, and 
new or rebuilt heads. The 
block will need to be bored 
and milled too. My sugges- 
tion: Get a used engine 
f ro m a sa I va ge y a rd . pm 



GOT A CAR PROBLEM? Ask 

Mike about it. Send your 
questions to pmautoclinic 
(gihearst.com or to Car 
Clinic, Popular Mechanics, 
300 W. 57th St., New York, 
NY 10019-5899. While we 
cannot answer questions 
individually, problems of 
general interest will be 
discussed in the column. 




1 2008 EdgeCraft Corp. 



A lifetime supply 
of incredibly sharp edges! 

For a store near you, call: 
800-342-3255 www.chefschoice.com 



Keeps Paint Out. 
Keeps Lines Sharp. 

L FrocfTape*. 



FROGTAP 



iieen leaking and Bleeding i 

old masking tape lor too tang. Frogtape's 

exclusive PalntBlock' Technology forms a 

- oarrier mat stops ( iiacte. 

Now touch-ups are a thing of the past. 

FrogTape.com 877-FROGTAPE 
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WELCOME TO THE OPEN 



GREAT PRODUCTS AND PROMOTIONAL 
OFFERS FROM PM ADVERTISERS 



HYDRATE AND COMFORT YOUR SKIN 
WITH NEW EDGE INFUSED™ SHAVE GEL 




New Edge® Infused'" Shave Gel's 
lotionized formula, with vitamins 
and antioxidants, will give your skin 
a noticeably smooth and healthy 
look, Choose Hydrate to help 
moisturize and invigorate dry skin 
or Comfortto help reduce irritation 
caused by shaving. 

New Edge Infused will make you 
look alive. Get Your Edge.'" 



InFosed. 



Visit www.EdgeShave.com 
or more information 




LOCTITE 1 FREEZE & RELEASE 




* RELEASE 




Loctite® Freeze & Release instantly 
Freezes seized and rusted parts (bolts, 
nuts, studs) down to -45F (-43C). The 
exceptional shock-freeze effect causes 
microscopic cracks in the layer of rust, 
allowing the lubricating ingredient to wick 
directly into the rust by capillary action. 
The assembly can be easily dismantled 
after allowing only 1-2 minutes penetration 
time. Released parts remain lubricated 
and protected from corrosion 



Whether it's the all-new 2009 H3T pickup, the versatile 
midsize H3, or the legendary and supremely capable H2, 
owning a HUMMER affords you the ultimate freedom to 
go just about anywhere and do just about anything. While 
allowing you to reconnect with all those things that make 
you feel like yourself again. 

H2 

H2 offers a powerful 6.2L E85 FlexFuel V8 engine that 
generates 393 hp and 415 Ib-ft of torque - making it 
capable of handling almost any off-road situation. And the 
H2 SUT gives you all the same capability with a midgate 
that folds down to create a six-foot bed, extending the 
possibilities of what you can do with your H2. 

H3 

H3 is the perfect combination of capability and efficiency 
in a mid-size SUV, making it fully comfortable both on-road 
and off. What's more, the H3 Alpha features a 5.3L V8 
engine with 300 well-domesticated horses, enabling you to 
tow up to 6,000 lbs. 

H3T 

As the first true HUMMER pickup, the 2009 H3T is 
capability and versatility in a supremely attractive package, 
offering a 5-foot bed with 33.5 cubic feet of cargo space, 
best-in-class approach and departure angles, and the ability 
to tow up to 5,900 lbs with an optional V8. Simply put, H3T 



imriTE 



For more information, visit www.loctitefreezeandrelease.com 





ROAMING KINDLE + VISTA STARTUP 
CAMCORDER PHOTOGRAPHY 
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The Great 
Text Rip-Off 

My cellphone's text 



message bill seems to 
get higher every month. Is 
there any way of saving 
money on my texts? 



At roughly 20 cents a pop, text 
messages are expensive. But it 
takes a bit of perspective to realize 
just how pricey they really are. 

Short-message-service messages 
(that's the official name for text 
messages, often abbreviated to 
SMS) have a maximum of 160 bytes 
of data. Unless you purchase a bulk 
text-message package (which can 
cost as much as $20 per month), the 
20 cents-per-message rate adds up 
to $1310.72 per megabyte. This is 
double the cost three years ago and, 
quite literally, astronomical: A space 
scientist at the University 
of Leicester in the U.K. did 
the math and discovered 
that this is several times as 

B; it costs to trans- 
3 from the Hubble 
elescope back to 

ILLUSTRATION BY JAN KALLWEJT 



Earth. And most of this cost is pure 
profit for the phone companies, who 
are able to deliver text messages for 
nearly nothing by piggybacking them 
on other transmissions. 

Thankfully, there are ways to 
bring your bill down to earth. The key 
is to use what are known as SMS 
gateways. These are backdoors that 
transform other (usually less expen- 
sive) types of communications, such 
as e-mail and instant messages, into 
text messages. The upshot: You can 
send all the texts you want without 
paying for the privilege. 

All major mobile-phone carriers 
have e-mail addresses that feed into 
yourSMS in box (see our diagram for 
specific addresses). If you have a 
smartphone and an all-you-can-eat 
data plan, you can use your phone's 
e-mail client to send as many texts 
as you want for no additional cost. Of 
course, this method has its limita- 
tions: In order to determine what 
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Instead of 
paying for text 

messages, 
send your note 
using e-mail or 

IM. Your 

target's e-mail 

address 

depends on 

his mobile 

provider. 
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address to send your message to, you 
first need to know what cellular pro- 
vider your friends have. I suggest ask- 
ing your most-texted contacts who 
their providers are. With that informa- 
tion, you can program the proper 
e-mail address next to their names in 
your phone's address book. 

Easier yet: Send your text message 
over AOL Instant Messenger (versions 
of which exist for most mobile phones). 
Instead of sending your message to a 
screen name, send it to "+l" followed 
by the area code and phone number. So 
if your friend's number is 21 2-555-5555, 
sending an IM to "+12125555555" will 
ensure it pops up on his cellphone 
screen. If your phone has Web access, 
you can also send free texts through 
sites such as txtdrop.com. 

Of course, you still have to pay to 
receive text messages from other peo- 
ple. If somebody replies to a text mes- 
sage that you sent as an IM or e-mail, 



his reply will come to you in the format 
you initially sent it in, and reading it 
won't cost you a thing. You can cut 
your bill even further by asking your 
most-texted friends to program your 
e-mail address into their address 
books. Even if they insist on using SMS, 
sending a text message to your e-mail 
address will cause it to appear in your 
e-mail inbox. And as long as you have 
an e-mail program on your phone, it will 
be just as easy to retrieve. 

Amazon Vacation 

I recently purchased the Amazon 
Kindle 2 e-book reader, and I am 
planning an overseas trip. Can 
my Kindle download new books 
while I'm abroad? 

One of the best features of the Ama- 
zon Kindle e-book reader is its built-in 
cellular antenna, which allows you to 
surf the Web and download e-books 
without relying on a PC middleman. 



ot Attic 
Bearable 



When you cool your attic with a Solar Star attic fan, 
you'll cool your air conditioning bills too. 

■ Cooler attic means a cooler home 

■ Operates quietly and pays tor itself 
■ Installs quickly 

For special offers, 

visit www.solatube.com 

or call (888) 269-9844. 







Ask Us 
How You Can 
Turn ANY Vent 
Into A Solar- 
Powered Vent) 



And, thanks to Amazon's partnership 
with Sprint, the network access is 
completely free. 

However, because Sprint is an 
American cellular provider, this 
arrangement is useless once you leave 
U.S. soil— the Kindle currently has no 
roaming options. Even if the Kindle did 
have the ability to roam, it wouldn't 
work very often— the Kindle has an 
EVDO radio, which is incompatible 
with the GSM wireless networks that 
are used in most of the world. In order 
for it be useful as a truly international 
device, it would need a slot for a SIM 
card, which would allow it to log onto 
these GSM networks. While Amazon 
has given no indication that it is plan- 
ning to include this feature in future 
versions of the Kindle, we wouldn't be 
surprised to see it before long. 

Of course, you can still download 
e-books (as well as other content such 
as magazines and daily newspapers) to 
your Kindle while abroad. You just need 
to do it through your laptop by using 
Amazon's Web-based Kindle store. 
Once downloaded, these books can be 
easily transferred to your 
Kindle through a USB cord. 

Dual Shooting 

My Canon camcorder 
can take large, multi- 
megapixel still photo- 
graphs. But if I'm 
shooting video at the 
same time, it can only 
produce 2-megapixel 
shots. Why is this? 
Camcorders typically have a 
single image sensor. Take 
the Canon Vixia HF11 high- 
definition camcorder. When 
used as a still camera, it can 
produce 3.1-megapixel pho- 
tos. But shoot video at the 
same time and the resolu- 
tion is knocked down to 2 
megapixels. The reason: The 
camcorder, when asked to 
tackle both tasks simultane- 
ously, doesn't actually take 
a separate photo. Instead, it 
just slices a frame out of the 
video you are already shoot- 
ing. Like all 1080p or 1080i 
high-definition camcorders, 
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it shoots video at a maximum resolu- 
tion of 1920-honzontal-by-1080-verti- 
cal pixels. Multiply those two dimen- 
sions together and you get 
2,073,600— or just over 2 million total 
pixels. To put it another way: Any given 
frame from a 1080p high-definition 
movie is about equivalent to a 2-mega- 
pixel still photo. 

Altered Boots 

When I start my Vista PC, it 
automatically loads a lot of unneces- 
sary programs. What's the easiest 
way to change which programs load 
at startup? 

In general, it's a good idea to reduce 
the number of programs that your 
computer automatically loads at start- 
up to the bare minimum. While auto- 
loading a frequently used program can 
be convenient, it adds seconds to your 
computer's startup time. My sugges- 
tion: Set your computer so the only 
applications that load automatically 
are your antivirus and antispyware pro- 
grams, and anything that seems like a 



techierm 

Dynamic 

Composable 

Computing 



Modern mobile devices are plagued by tiny displays and 
cramped keyboards. A solution being championed by Intel: 
Dynamic Composable Computing, the idea: Mobile phones 
and pocket PCs will wlrelessly connect with nearby 
peripherals, allowing you to use them with keyboards and 
TVs, and even to borrow processing power from nearby PCs. 
It's one more step toward a future where our assorted 
technology is constantly communicating with each other, and 
our primary PC can be carried in our pocket. 



critical system function (if you're not 
sure what a program does, Google it). 
You'll be shocked at how much faster 
your PC starts up. 

Windows stores its list of startup 
programs and system applications in 
two places. The first can be accessed 
by typing: "C:\ProgramData\Microsoft\ 
WindowsNStart Menu\Programs\ 
Startup" into the address bar of a Web 
browser or Windows folder. (This folder 
can also be accessed by clicking the 
Start button on the bottom of the 
screen and then clicking All Program 
and Startup.) To add a program, right- 



click on an application's .exe file (this 
will be the icon you click to load the 
program), and select "Create Shortcut." 
Once the shortcut is created, drag it 
into the Startup folder. Removing start- 
up programs is just as easy: Just delete 
shortcuts from the folder by dragging 
them into the recycle bin. To cull 
system-level startup programs, click 
the Start button, then type "msconfig" 
into the Start Search bar that pops up. 
This will bring up a System Configura- 
tion window. Clicking on the Startup 
tab will allow you to select or unselect 
startup programs. pm 
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Apollo 1 1: The Untold Story 

(CONTINUED FROM PAGE 83) 

translate back down to the surface, I 
could find out where the lunar module 
was. They were off another 5 miles 
from anything that we had. 

• Gavin: In my mind, the riskiest 
unknown in the whole mission was 
the takeoff. When the astronaut 
pressed the button, a whole bunch of 
things had to happen. The explosive 
bolts connecting the two stages had 
to fire. And then the ascent engine 
had to be ignited to lift the ascent 
stage off. And somehow as it left the 
descent stage, the exhaust from the 
ascent engine had to go somewhere. 

• Owen Carriott, astronaut 
(CAPCOM), Maroon Team, Mission 
Control: The engine on the lunar mod- 
ule has one chance, which must be 
perfect. People had spent a lot of time 
back at Grumman doing the design, 
preparation and testing for it. 

- Aldrin: As I got down on the floor 
to sleep [the night before], I could see 
the broken head of a circuit breaker. It 
was the engine-arm circuit breaker — 
the one that's got to be in to get elec- 
tricity to turn the ascent engine on. 
Since it was on my side, obviously I 
would have to take the blame for my 
backpack knocking against things 
clumsily and breaking it off. 

■ Loden: That circuit breaker allowed 
the lunar guidance system to start the 
engine automatically — but there was 
another way to start the engine. 
We had redundancy. They would have 
had to hit a pushbutton manually at 
T minus zero. 

• Aldrin: It looked as though there 
was enough left to push [the breaker] 
in. When the time came, I just said I 
was going to push it in with a pen. 

■ Glynn Lunney, flight director 
(FLIGHT], Black Team, Mission Control: 
Once the ascent stage is lit, the vehi- 
cle reallyjumps off the moon. 

• Aldrin: It was not a gradual liftoff. 
It was a sudden departure — but with- 
out any of the forces that go along 
with rapid acceleration. Looking out 
the window, everything was getting 
smaller so fast that [we didn't really 
notice] the craft going through a 
gradual pitch forward. 



In order to dock with the command/ 
service module, the lunar module 
executed a series of burns, bringing 
the two craft together. 
' Blair-Smith: The lunar orbit ren- 
dezvous wasn't that different from 
what the Geminis did in Earth orbit. 
But it was more nerve-wracking 
because if it didn't work, where every- 
body would be left was notgoingto be 
veiygood for them. 
• Gavin: It was an emotional worry 
that people had. But those of us 
who were directly involved with the 
details were always very confident — 
otherwise we wouldn't have said we 
were ready to go. 



THE RETURN TRIP 



Two hours after the vehicles docked, 
the command/service module 
jettisoned the lunar module. The 
main engine then fired to send 
Apollo 11 on a trajectory for Earth. 

McCandless: Lunar orbit inser- 
tion was critical to a mission's suc- 
cess, but it was less critical to the sur- 
vival of the crew than the trans-Earth 
injection burn. If you couldn't get out 
of lunar orbityou had a real problem. 

Alan Kehlet, Apollo chief project 
engineer, North American Rockwell: 
Some guy ran an analysis of all the 
critical events that had to take place 
and came to the conclusion we didn't 
have enough reliability, that it would 
never work. But we discarded it. 

McCandless: It pretty well boiled 
down to the SPS — service propulsion 
system — engine; that had redundant 
valves, circuits, actuators, switches. 
Everythingwas singlefold redundant. 

Kehlet: | Apollo ll's command 
module] had the best-performing 
engine and equipment. We didn't 
have a lot to spare, mainly because of 
cost, so the idea was that you robbed 
the next vehicle to go to the Cape for 
equipment you needed. I made sure 
that 107, the spacecraft on mission 
Apollo 1 1 , got separated from all that. 
i Loden: Of course, the lunar mod- 
ule stayed in orbit around the moon 
and we watched it die. It was like los- 
ing a good friend. But it performed its 
job tremendously well, and we config- 
ured certain systems in ways that, 



after jettison, would give us insight as 
to how long it could last. 
- Carlton: The name of the game for 
us flight controllers was to try to learn 
the outer limits of all of our equip- 
ment. Some people called it playing 
with it, but it was serious business. 
Wc wrung that thing out. 
■ Gavin: And then the rest of the 
mission was a matter of waiting until 
orbital mechanics brought everybody 
back to Earth. 



JULY 24. 1969-SPLASHDOWN 



After a three-day coast toward home, 
the command module separated 
from the service module and entered 
Earth's atmosphere. 
■ Reed: Coming back from the 
moon, you're coming in a lot hotter 
than ever before— at 36,000 feet per 
second. In Earth orbit, it's 25,000. 

• Kraft: Because the velocity is so 
high, if you tried to come in directly, 
the heat-shield requirements would 
be loo great. So what we did was get 
them into the atmosphere, skip it out 
to kill off some of the velocity, and 
then bringit back in again. That made 
the total heat pulse on the heat shield 
of the spacecraft considerably lower. 

- Windier: It was [still] so hot that 
the heat shield was abrading and 
there was a big ionization shield all 
around them. It prevents communi- 
cation until [the command module] 
slows down enough for that to stop. 

• Clancy Hatleberg, pararescue- 
man, underwater demolition team 11, 
U.S. Navy: The USS Hornet had 
steamed all night long with the heli- 
copters, the two recovery teams and 
myself. The sea states were the high- 
est we had ever encountered in any of 
the simulated exercises that we had 
performed in preparation. 

- Aldrin: There's a big solidness to 
the force as you're coming into the 
atmosphere, and it's gradually decel- 
erating the spacecraft. You could 
sense a g before it really showed up on 
the indicator, and by then it's pretty 
firm. It's pushingyou toward the back 
of the couch and down. 



• Hatleberg: I was in helicopter 66. 
I remember looking out of the cock- 
pit, and I could see we were on the 
outskirts of astorm.-The sun was ris- 
ing up above the clouds, but it was 
dark down below. It was sort of like 
being caught between night and day. 
Then all of a sudden I saw this streak 
coming through the upper atmos- 
phere. It looked like a meteor. And 
then three chutes opened up. 

■ Aldrin: It was a moderate jolt. 
Then there's a bit of a sway once 
you're hanging there. When you're 
actually on the water, there's a firm- 
ness that didn't exist before; there's 
an intellectual knowledge of being 
supported by something. 

* Hatleberg: Once everything was 
in place, I jumped into the raft and 
they lowered the decontamination 
bottles and the [biological isolation 
garments] and the mitt that I used to 
wash down the command module 
and the astronauts. I gave a thumbs- 
up to the helicopter when the decon- 
tamination was complete and 66 
came into position and lowered a net. 
- Liebergot: Wc didn't consider 
them recovered until we saw the astro- 
nauts removed from the command 
module in the ocean by helicopter 
and step out on the deck of the air- 
craft carrier. Only then did we cele- 
brate. We were steely-eyed missile- 
men. That was our deal. 

McCandless: The whole mission 
was about as close to perfect as you 
can get with three human beings 
onboard and an unexplored terrain. 
i George Mueller, associate 
administrator for manned spaceflight, 
NASA: Looking back, it was really a 
whole lot of people working on the 
same problem, making sure the piece 
that they had would do what it was 
supposed to do when it was supposed 
to do it — 10 million pieces and 400,000 
people. And every one of those people 
was very, very dedicated. 
' Liebergot: We were young, and 
we were fearless and, after all, nobody 
had cvcrtold usyoungengineers that 
we couldn't successfully land humans 
on another planet. So we did it. pm 
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wwwfastsellingproducts.net 



NVENTORS 



INVENTORS - NEVER SEND IDEAS TO 

STRANGERSI LEARN AFFORDABLE 
PROTECTION / MARKETING METHOD 

NON-PROFIT ORGANIZATION. 

FREE INFORMATION: 1-800-846-3228. 

www.lnventasslst.com 



NVENTORS 



INVENTORS: Free information tells 

how to offer your invention 

for sale or license. 

Kessler Corporation. 52-t years 

800-537-1133, ext. 25, 

www.kesslercorp.com 

PROTECT YOUR IDEA! 

Write Your Own Patent Application 

PatentPro'Ki Software 

www.patentpro.us 

ATTENTION INVENTORS 

Do you have a new product idea that 

you would like to develop? 

Check us out. Free Information. 

www.developYOURidea.com 



LAKES & PONDS 



LAKE OR POND? Aeration - 

1st Step towards Improved water quality 

Complete Systems $169 - $329 

11,000 Gal. Per Hour Water 

Fall Pump only 3.6 amps I Just $399.95 

www.flshpondaerator.com 

608-254-2735 Ext 3 



LIVE STEAM MODELS 



WORKING STEAM ENGINESI 

Discounts! Accessories. Parts. 

Stirling Engines. 

Limited Edition Tin Toys, Cars & Trains. 

Catalog $6.95 Refundable. 

Yesteryear Toys Dept . PMS Box 537 

Alexandria Bay. NY 13607 

www.yesteryeartoys.com 

1-800-481-1353 



METALS 



METALS "STAINLESS. ALUMINUM. 

COPPER, BRASS, STEEL, NICKEL" 

Large and Small orders welcome. Quick 

Shipping, 24 hours online ordering 

www.lnduslrialmetalsales.com 

Phone 586-783-2238. 



KING ARCHITECTURAL METALS 

• Steel: All Shapes Cut to Length 

• Custom Hl-Def Plasma Cut Lettering, 

Parts* Signs 

■ 9,000- Ornamental Metal & 

Hardware Items for fencing railings. 

furniture & structural projects 

• Nationwide Shipping 

800-542-2379 • KINGMETALS.com 



METALWORKING 



BUILD, REPAIR, RESTORE ANY METAL 

Quality Hand • tools & Forming Machines foi 

Automotive, Aviation, Homeshop. Sculpture. 

instructional DVDs & Workshops 

20 years* still the best! 

Free catalog 530-292-3506 

www.tlnmantech.com 



OF INTEREST TO ALL 



FREE CATALOG, Meet nice singles. 

Christian values. Box 310. 

Atlardt.TN 38504-0310. 

Call 931-879-4625. 



OF NTERESTTOMEN 



Single Russian Ladies 

Seek romance, marriage 

E-mail, tours, free ads for men. 

Anastasia Intl. Since 1994. 

http://www.AnastasiaDate.com 

CUPIDO CAN CHANGE YOUR 

DATING LIFE FOREVERI 

Columbian Women make great life partners! 

Hundreds are waiting for you NOW 

1-386-246-2238. 

MEET LOCAL WOMEN 



Listen * Reply to Ads FREE I 

FREE code 7099, 18+ 

Call for local*. 1-888-634-2628 

www.MegaMates.com 

ASIAN BRIDESI Worldwide' 

Free Details/Photos! 

PIC, Box 4601 -PM, TO., CA 91362 

805-492-8040. www.pacisl.com 



REAL ESTATE 



LAND IN PANAMA 

Ocean front home sites for sale in Panama. 

A planned coastal development with 

private marina on the Pacific 

A great investment and retirement 

opportunity Call 614-405-4066 (2a Mrs | 

www vncoastal com 



SAWMILLS 



SAWMILLS from $2,990.00 

Convert LOGS TO VALUABLE LUMBER with 
a Norwood portable band sawmill 

Chainsaw sawmill also available ($995.00) 
LOG SKIDDERS for tractors & ATVs 
www.norwoodsawmills.com/216 - 

FREE information: 1-800-661-7746 Ext. 216 



SNOW GUARDS 



Stop Snow Slides on Metal Roofsl 

Practically Invisible, Easy Installation, 

Online Estimator 

Fast Shipping www.snoJax.com 



TREASURE FNDERS 



BURIED TREASURE - Sensitive equipment 

allows locating from distance 

Brochure free Simmons, Box 10057-MA 

Wilmington. NC 28404 
www slmmonsscientlficproducts.com 



WANTED TO BUY 



BUYING GOLD, SILVER, 
PLATINUM - ANY FORM 

60 years experience. Free pricing quotes 

Top payment 1-800-932 -1010 
www.preciousmetalsreclaiming.com 



WATER PURIFIERS 



100% STEAM DISTILLED. 

Countertop water purifiers. Free Catalog 
1-800-874-9028 wwwwaterwlse.com 



WINE/BEER MAKING 



WINEMAKERS- BEERMAKERS. 

Free Catalog. (800)841-7404 Kraus. 

7850- L. Independence. Missouri 64054 

www.eckraus.com/offers/L.asp 
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THIS 
IS 
MY 
JOB 




Farriers have been shoeing horses for two thousand years, 
but none have done the job quite like Ian McKinlay. Using a 
repair method devised 40 years ago by his father, a relatively simple set of tools and his 
own revolutionary Yasha shoe, the 51-year-old routinely treats horses afflicted by hoof 
cracks— including last year's Triple Crown hopeful Big Brown, who was diagnosed with a 
quarter crack on his front left hoof after the May '08 Preakness Stakes. Though the 
thoroughbred failed to capture the thirdjewel in the crown, McKinlay 's fix held— and 
allowed him to test his shoe at one of horse racing's grandest venues. "I hate to admit it," 
McKinlay says, "but Big Brown was part of our research and development." -joep.hasler 



1. Loop Knives 

A cracked hoof is a messy 
sight: all dirt, dried blood 
and chipped horn. McKinlay 
starts by trimming away the 
grime with a hooked blade. 
"A nice, tight little hook can 
get in there and expose the 
problem," he says. 

2. Die Grinder 

Equipped with a crosscut bur 
attachment, the handy Makita 
GE0600 allows McKinlay 
to further tidy the damaged 
area. "It helps your glue to 
stick," he says. "The best 
adhesion comes when you get 
a smooth, clean surface." 

3. Drill 

Using a high-speed— up to 
30,000 rpm— handheld Black 
& Decker RTX drill outfit- 
ted with a No. 62 cobalt bit, 
McKinlay precisely bores 
two sets of minuscule guide 
holes in the damaged hoof. 
Stainless-steel sutures slide 
through these and are twisted 
to pull the crack together. 

4. Glut 

With the crack sutured, a 
cast of glue holds everything 
in place and protects the 
wounded foot. McKinlay uses 
a methacrylate adhesive, 
which takes only about 
5 minutes to dry. "I used to 
use a 3M glue, but it took 5 
hours to set," he says. 

5. Yasha Horseshoes 

The Air Max of horseshoes, 
McKinlay's Yasha resembles 
standard hoofwear. But 
between metal and hoof is 
a cushioning dual layer of 
polyurethane that practically 
eliminates crack-causing con- 
cussion. The design just might 
revolutionize horseshoeing. 
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for your country and family without giving up one 
for the other. Serve part-time. Enjoy your civilian 
life full-time. All while maintaining the benefits, 
camaraderie and adventures you have now. To fill this 
role, call 800-USA-USNR or visit navyreserve.com. 



RESERVE 
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up all night rebuilding an 
engine-friendly. 



